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[(O)NE COMPANY OFFERS 
A COMPREHENSIVE UP-TO-DATE 
LINE OF #8: FOR WATER 
AND SEWAGE WORKS... 
BACKED BY NATIONWIDE 
SALES AND SERVICE... | 
AND BY YEARS OF LEADERSHIP 
IN RESEARCH, ENGINEERING, 
MANUFACTURING AND 
APPLICATION SKILLS. 
THERE IS NO SUBSTITUTE 


FOR EXPERIENCE. 
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RATED AERATIOI 


SMALL UNIT SEWAGE TREATMENT 
FOR 20 TO 5,000 PERSONS 
@ Low Cost 
® Expandable — by multiple Units 


@ Expendable — for Area Planning of Future 
Sewerage Systems 


@ Exclusively successful Standardized Balanced 
Equipment 


® Available in Steel or Concrete Units. 


Wore Than 150 Vustallations 
CHICAGO PUMP COMPANY 


Sewage and Industrial Waste Equipment 


Subsidiary of Food Machinery 622 Diversey Parkway 
& Chemical Corporation Chicago 14, lilinois 
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SEWAGE AND INDUSTRIAL WASTES 


| THE C-E RAYMOND FLASH DRYING SYSTEM... 


reasons why 
it’s your best choice 
for sludge disposal 


IT OFFERS THESE FUNCTIONS: 


Drying ..-Only the C-E Raymond Sys- 
tem gives you controlled drying. This means 
that your filter cake is reduced to particles 
uniform in size... low and uniform in mois- 
ture content ... highly suitable for use as a 
fertilizer when sludge characteristics permit. 


2. Incineration ...The Raymond System 
provides the simplest, most efficient method 
of sludge incineration. It produces a sterile 
ash that is free of clinkers ... requires less 
purchased fuel. 


3. Deodorizing ...The C-E Raymond 
System is the only one that offers high tem- 
perature deodorization to remove foul odors 
from combustion gases, as well as from 
sludges holding tanks. 


WITH THESE FEATURES: 


4. Superior Structure... Instead of More filter cake is dried and/or burned 


relying on multiple refractory arches, the jn this system than by all other systems 
C-E Raymond System utilizes small groups ¢gmbined. 


of arch bricks individually hung from steel 

supports above and outside the furnace. This 6, Proved Dependability. .. More 
not only makes arch failure virtually im- than a quarter of a century of use and de- 
possible, but permits very rapid start-ups velopment in plants throughout the United 
and shut-downs .. . offering important man- States and abroad has shown the capa- 


hour and fuel savings. bility of the C-E Flash Drying System. 
5. Economical Operation...This For detailed information on the C-E 
system has a proved record of low mainte- Raymond Flash Drying System, and how 
nance costs. Not only is maintenance neg- it can benefit your community, contact 
ligible, but the revenue gained from the sale the Combustion office nearest you. A C-E 
of flash-dried sludge as fertilizer can help specialist will be glad to discuss your re- 
pay the operating costs of your plant. quirements with you or your consultants. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois C-107C 
Eastern Office: 200 Madison Ave., New York 16, N. Y. * Western Office: 510 West 6th St., Los Angeles 14, Cal, 
Canada: Combustion Engi ing-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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Alabama Water and Sewage Assn.* 
C. FINNELL, Jr., Act.-Sec., Univ. of Alabama 
University, Ala 


Arizona Sewage and Water Works Assn.* 
StanForp I. Rot, Sec.-Treas., 813 Jefferson St 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.’ 
Dr. C. W. Oxrorp, Sec.-Treas., University of Ar 
kansas, Fayetteville, Ark 

California Sewage and Industrial Wastes Assn. 
Ropert J. Barietta, Sec.-Treas., 719 South Loara 
St., Anaheim, Calif 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of 
fice, 72 Grenville St., Toronto, Ont., Canada 

Central States Sewage and Industrial Wastes 

Assn. 

Scott A. Linstey, Sec.-Treas., P. O. Box 3598 
Childs Rd., St. Paul, Minn 

Dakota Water and Sewage Works Conf. 


North Dakota Section* 
W. Van Hevuveten, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak 


South Dakota Section* 


Don C. Katpa, Sec.-Treas., c/o Div. of Sani 
tary Engineering, State Board of Health, Pierre 
S. Dak 


Federal Sewage Research Assn. 
Ratpu Hortye, Sec.-Treas., Public Health Service 
Rm. 4123, South HEW Bldg Washington 25 
D. ¢ 


Florida Sewage and Industrial Wastes Assn. 
Ratpo H. Baker, Jr., Sec.-Treas., State Board 
of Health, P. O. Box 210, Jacksonville 1, Fla 


Georgia Water and Sewage Assn.’ 
A Storey, Sec.-Treas., 1210 Hemphill Ave 

N.W Atlanta, Ga 

(Germany) Abwassertechnische Vereinigung 
Otto Sec.-Treas., Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage 
W SNOOK, Sec., , Cromwell I 
Kensington, London, S W 7, England 

Institution of Public Health Engineers 

RNEST V. Barsom, Se 118 Victoria St., West 
minster, S. W. 1, London, England 


Iowa Sewage and Industrial Wastes Assn. 
KORCZESKI, Se Treas., 207 South 15th 
Ave Mare halltown, Iowa 
Israel Assn. of Sewage Engineers 
I zeR Barasna, Sec., c/o Technion, Israel In 
> of Technology, P. O. Box 4910, Haifa 


Kansas Sewage and Industrial Wastes Assn. 
James F. AIKEN, Sec.-Treas., 407 City Bldg 
Wichita, Kans 

Kentucky-Tennessee Industrial Wastes and 

Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Louisiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
M. Brnciey, Sec.-7reas., 2411 N. Charles St., 


Baltimore 18, Md 
Michigan Sewage and Industrial Wastes Assn. 
LD. M. Prerce, Sec.-Treas., Michigan Dept. of 


Health, Rm. 334, Admin. Bldg., Lansing 4, Mich 
Mississippi Sewage and Industrial Wastes 
Assn. 
Ropert A. GERBER, Se Treas., Mississippi State 
Board of Health, Jackson, Miss 


* Sewage and Industrial Wastes Section 


INDUSTRIAL 


FSIWA MEMBER ASSOCIATIONS 


WASTES 


Missouri Water and Sewerage Conf.* 
VARREN KRAMER, S¢ Trea State Office Bldg., 
Fourth Floor, Jefferson City, Mo 


Montana Sewage and Industrial Wastes Assn. 
Harvey W TAYLOR Sec.-Treas., Morrison & 
Maierle Inc Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
\ ECHTENBERG, Sec.-Treas., 614 Standard Oi) 
Bldg., Omaha, Nebr 


New England Sewage and Industrial Wastes 
Asan. 
Fart R. Howarp, Sec.-Treas., Bureau of Public 
Vork 115 Broad St., Hartford, Conn 


New Jersey Sewage and Industrial Wastes 


S. Kacuorsxky, Sec.-Treas., P. O. Box 
68, Manville, N. J 


New York Sewage and Industrial Wastes Assn. 
Rarpu C, Sweeney, Se c/o State Dept. of 


Health, 55 Church St., White Plains, N. ¥ 


North Carolina Sewage and Industrial Waste 
Asan. 
W. E. Lone, Jr., Sec.-Treas., Box 2091, Raleigh, 
N. 


Ohio Sewage and Industrial Wastes Treatment 
Conf 
CreamMon E. Lay, Se Treas., Rm. 517, 101 N 
High St., Columbus 15, Ohio 


Oklahoma Water, Sewage and Industrial Wastes 
Conf 
H M CRANI Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla 


Pacific Northwest Sewage Industrial 
Wastes Assn. 
Gitpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 


Pennsylvania Sewage and Industrial Wastes 
Asan 
J. R Harv EY, Sec.-Treas., 
f Health, 916 Diamond Me advill Pa 


Puerto Rico Water and Sewage Works Assn. 
Rorert J. Autp, Sec.-Treas., c/o Puerto Rico 
Aqueduct and Sewer Service, Box 2832, San Juan 
12, Puerto 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Joun R. Peterson, Sec.-Treas., 376 City and 
County Bldg Denver 2, Colo 


South Carolina Water and Sewage Works 
Assn. 

Wa. G. Crospy, Sec.-Tr Water Pollution Con- 

trol Authority, Wade Ha: ampton Bldg., Columbia, 


Ss. ( 


(Sweden) Féireningen Fér glen 
Erik Jonsson, Sec Box 138, Stockholm 5, 


Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Pierre Witpt, Sec., Hegemmatt 28, Zurich, 
Switzerland 


Texas Water and Sewage Works Assn.* 
\ Encers, Sec.-Treas., 2202 Indian Trail, 
Austin, Tex 


Utah Sewage and Industrial Wastes Assn. 
Howarp Hurst, Sec.-Treas 479 Harvard Ave., 
Salt Lake City 11, Utah 


Virginia Industrial Wastes and Sewage Works 
Asan. 
Orvat J. Hann, Sec.-Treas., Hercules Powder Co., 
Hopewell, Va 


West Virginia Sewage and Industrial Wastes 
Assn. 

O. Fortney Sec.-Treas., State Dept. of 

Health, Charleston 5, W. Va 
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Selecting the correct device is simply a matter of 

choosing the one that best meets your require- 

ments. The wide variety of Simplex Primary 

Elements makes this selection easy. 

; This table shows you which of Simplex’s stand- 
ard elements performs best under various flow 
conditions. (Not shown are Simplex primary de- 

; vices of steel or concrete, designed to meet the 

j physical limitations on special jobs. ) 


SIMPLEX VENTURI TUBES produce a minimum 
head loss—returning 85% to 90% of the differen- 
tial head developed for meter operation. Since 
pressure differentials are measured between the 


FLOW CONDITION 


How to select the 
right flow-measuring device 


main and throat sections, the tubes are smooth, 
true in shape and of accurate diameters to pro- 
duce a stable coefficient of discharge. This gives 
you accuracy over wide flow ranges... accuracy 
within +0.3% if required. 

Write for Technical Bulletins. Simplex Valve 
& Meter Co., Dept. I-12. 7 East Orange Street, 
Lancaster, Pa. 


SIMPLE X* 


VALVE AND METER COMPANY 
VENTURI TUBES + FLUMES + METERS + GAUGES 
TRANSMITTERS + CONTROLLERS + TABLES + AIR VALVES 


SOLUTION 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE VT—STANDARD VENTURI TUBES 


Cast iron with bronze bushed main piezom- 
eter holes and bronze throat liner. Flanged, 
bell or spigot ends. Inspection opening at 
throat. Special metals for high pressures 
or caustic liquors, corrosive gases, brines, 
ete. BULLETIN 005 


NORMAL 
{ WATER, AIR 
' OR GAS FLOWS 


TYPE TG—INSERT TUBES AND NOZZLES 
Withstand high pressures. Fit inside exist- 
ing lines .. . permitting light construction. 
This, plus short length, cuts costs. 

BULLETIN 100 


TYPE TF—MINIATURE VENTURI TUBES 


SMALL FLOWS Machining to .0005” assures accuracy. Main 
OF WATER, GASES diameters as low as %”; throat diameters 
CORROSIVE FLUIDS down to .1”. Welded stainless steel models 


for high pressures. BROCHURE 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VTJ—SINGLE TAP VENTURI TUBES 


Single taps at main and throat have bayo- 
net-type valve for fast cleaning. Absence of 
pressure belts prevents clogging. Inspection 
opening at throat. BULLETIN 005 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VS—FOUR TAP VENTURI TUBES 


Four cleaning valves at main and throat 
can be operated manually, by air, or hy- 
draulically to keep piezometer holes clear 
for top accuracy. Two hand holes on each 
pressure belt and inspection opening at 
throat. BULLETIN 005 


LOW-VELOCITY 
SEWAGE, 
HEAVY WASTES 


TYPE VE—ELLIPTICAL VENTURI TUBES 


Developed specifically to accurately meas- 
ure low-velocity sewage, sludge and heavy 
trade wastes—under low pressures. Flat to 
prevents air binding. Flat bottom is self- 
scouring. Inspection opening at throat. 
BROCHURE 


LOW-HEAD 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE S—PARABOLIC FLUMES 


Full 20:1 range for open flows. Accuracy 
+2. Flanged, bell or spigot inlet for 6 to 
36” lines. Integral sediment trap, piezom- 
eter reamer, gauge glass, direct-reading 
flow scale. BULLETIN 801 
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MEMBER ASSOCIATION MEETINGS 


Association 


‘ew York Sewage and Industrial Wastes 
Assn. 


New Jersey Sewage and Industrial Wastes 
Assn. 


Montana Sewage and Industrial Wastes Assn. 


Arkansas Water and Sewage Conf. 


Virginia Industrial Wastes and Sewage 
Works Assn. 


Alabama Water and Sewage Assn. 


Ohio 
ment Conf. 


Sewage and Industrial Wastes Treat 


Michigan Sewage and Industrial Wastes 
Assn, 


Place 


Hotel Belmont Plaza 


New York City, N. Y. 


Traymore Hotel 
Atlantic City, N. J. 


Florence Hotel 
Helena, Mont. 


University of 
Arkansas 
Fayetteville, Ark. 


Hotel Roanoke 
Roanoke, Va. 


Ala. Polytechnic Inst. 


Auburn, Ala. 


Commodore Perry 
Hotel 
Toledo, Ohio 


Charlevoix Hotel 


. 22-24, 1958 


12-14, 


20-22, 


24-26, 


28-29 


June 9- 


June 


18-20, 


June 2 


1958 


1958 


1958 


1958 


1958 


Charlevoix, Mich. 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 


October 6-9, 1958 


510a 
/ 
a 
' 
‘ 


SEWAGE AND INDUSTRIAL WASTES 


INFILCO high-rate sewage treating equipment delivers 


90-95% B.0.D. REMOVAL IN LITTLE SPACE AT LOW COST 


with AERO-ACCELATOR* Activated Sludge Plants for municipalities, 


sub-divisions, motels and hotels, institutions and industrial plants 


This compact, efficient “AERO-AC- 
CELATOR” activated sludge plant 
was installed at the Sun City Motel in 
a fraction of the space required by 
other types of plants. Because of its 


4 


exclusive, space-saving design sub- 

stantial economies were made on 

overall installation costs. 
Performance is excellent. Here are 

the figures — 

Suspended Solids — 
Raw “AERO-ACCELATOR” % 
Sewage Removal 


4 
CCELATOR” % 
Month = e Effluent Removal 


239 
409 
383 
328 
222 
95 295 


See your consulting engineer... 
if you are faced with a sewage prob- 
lem. He can help to meet your needs 
with maximum efficiency at minimum 
cost. We will be happy to cooperate. 

Inquiries and samples are invited 


THE ONLY COMPANY impartially offering equipment 
for ALL types of water and waste processing — 
coagulation, precipitation, sedimentation, flotation, 
filtration, ion exchange and biological treatment. 


on all problems in the treatment of 
waters, sewage and wastes. Write to- 
day for the “AERO-ACCELATOR” 
activated sludge plant bulletin, No. 
6510. 


* Trademark of INFILCO. 


INF ICE 


General Offices - Tucson, Arizona - P.O. Box 5033 
” Field offices throughout the United States 


and in foreign countries 


“RERO-ACCELATOR” activated-siudge 
plant installed at the Sun City Motel, 
Miami Beach, Florida. Design average 
flow, 43,200 G.P.D. Average B.0.D re- 
moval 91.67% for six months. 


“AERO-ACCELATOR” w 


mit 


Flow Diagram 


O 


AERO ACCELATOR 
Treoting Unit 


S7471-A 
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Feb 010 157 13.0 32 92 a 
Mar .005 137 7.0 28 93 
Apr 006 211 25.0 38 89 
May 006 171 90 5 97 wwe 
June 008 173 80 32 a9 
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Chicago nstalling 24” Mechonica 


9 Joint cost iron pipe for water 
rerovted due to construction of underground goroge beneath Michigon Aven 


When you choose pipe there should be no doubt . . . no single 


reservation 
as to its performance. 

You can be sure when you specify cast iron pipe. Its long life. dependability, 
economy are built in—end result of five individual strength factors . . . all vital. 
These factors... listed at right... have rolled up a service record 

unique in industry. 44 cities in the United States and Canada are still 

using cast iron water mains laid a century and more ago. 

Hundreds of others are nearing the century mark. 

And today’s modernized cast iron pipe. centrifugally cast, is even 


tougher. stronger. more durable. 


What other pipe can offer you such assurance of performance? 


CAST IRON PIPE 


DOUBT AND WATER D' 
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DON'T MIX! 


Dependability is based on strength. 
Strength is based on these five factors 


CRUSHING STRENGTH”. . . Standard 6” Class 150 cast iron pipe will withstand 
a crushing load, under standard tests, of 17,900 pounds per foot. . important where 


heavy fill or unusually heavy traffic loads must be overcome. 


BEAM STRENGTH". . . Settlement or disturbance of the soil by other utilities or 


resting on an obstruction places a heavy strain on pipe. 6” Class 150 pipe bears up under 
a load of 20,790 pounds and deflects 2.32 inches. 


BURSTING STRENGTH™... The average of many tests proves that standard 
6° Class 150 cast iron pipe will not burst until subjected to internal pressure 


of 3000 pounds psi... ample to resist water hammer or unusual working pressures. 


JOINT STRENGTH ... A full range of leak-proof, low cost, easy-to-assemble 


joints and fittings are available to meet all conditions 


CORROSION RESISTANCE . . . Cast Iron Pipe resists corrosion effectively 
vital factor in its demonstrated long life and dependability. 


"Based on independent leboratory tests 


Tompa Flo — Installing lorge diometer trunk woter moins 
from the pump stotion through the city ond out to some of the 
fast growing residentiol sections 


Cost tron Pipe Research Association, Thos. F. 
Managing Director, Suite 3440, Prudential Chicage 1, 
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Collectors remove 


mill scale...greatly lengthen life 


is 


of rolling mill bearing 


Jeffrey mill scale collectors at Pollack Steel Company, Marion, Ohio. 


Eighty-five tons of scale and grease removed in six months! 
That’s the remarkable record these Jeffrey collectors have 
established . .. putting nearly 3 millon gallons of process water 
back to work daily at this rolling mill. 

Bearing life on their rolling mill has been increased 
enormously, according to the plant’s operating men. There’s 
no abrasive scale in the water to cause excessive 
wear on bearings. 

Jeffrey sanitation engineers will help solve your water 
conservation or sewage treatment problems—a complete system 
or individual units. The Jeffrey Manufacturing Company, 
902 North Fourth Street, Columbus 16, Ohio. 


CONVEYING + PROCESSING + MINING 
EQUIPMENT... TRANSMISSION MACHINERY 
... CONTRACT MANUFACTURING 
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CHAPMAN 
| Beamed Waterway 
Gate Valve 


Vy : Here’s the point. On a Chapman 
Beamed Waterway Gate Valve in the 
. partly opened position, there is six to 
ten times more contact bearing sur- 
face than with any other double disc 
parallel seat or square bottom gate 
valve. They’re rugged. They’re built 
for service. For filtration plants, wash 
water service, or other similar limited 
throttling use, they’ll last for decades 
with little or no maintenance. 

Operation is always smooth. There's little or no leakage. The seats are 
tight and snug. And they have bronze bearing surfaces on beams and down- 
stream disc for longer life and better performance. 

All sizes with any method of operation you need are available. You'll see 
more about them in our Catalog No. 45. Write for your copy now. 


the CHAPMAN 
VALVE MANUFACTURING CO. 
INDIAN ORCHARD, MASSACHUSETTS 
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@ tight ioint® 


oint 
e 
rion, roots 
exfiltration 


JM Johns-Manville 
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4 \ Lore ate 0” of the We" gear 
4 gre Some typical 4 yatages | 

r gives you. 

\n janning and in installing 

designind a system ° system 

= yse of @ to handle: truck, and low" 
fatter grades er into trench. 
e \ond lengths — eosy 
1ond life - \ine ond grade fewer 

pation ond joint — osse™ ‘ 
bly fost. simple: gure 
resitien* joints — absorbs <4 
vibration ond shock ‘ 
imizes eftect of eorth @ ond relate? equipmen' ‘ 
sings — also with spee?¥ | 
transite sewer Fittings e ping tte gssembly no 
with ping Tite gssembly— compounds equipme™ 
Sewet Pipe): e 
e @ easily mode Branch con- 
_ tough — high e nections 400 — poles fF 
crushing strength meets cut-ins quickl¥ done right | 
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Select 
Transite” for 
more economical, 
tighter sewerage systems... 


WuetHeEr a new sewerage system is 
being planned or additions to an existing 
one are being made . . . engineer and 
contractor alike will find a combination 
of qualities in performance-proved Trans- 
ite Sewer Pipe that will fit their indi- 
vidual needs. They will find this holds 
true whether the local conditions call for 
(a) tight joints to protect against root 
growth and infiltration of ground water 
or (b) the strength and flow characteris- 
| tics that mean definite savings in the 
design stage, during trenching and in- 
stallation, and in operation as well. 
For further information about Transite 
Sewer Pipe, write for Booklet TR-165A, 
 Johns-Manville, Box 14, N. Y. 16, N. Y. 


| 
le TRANSITE SEWER PIPE 


with the RING-TITE® Coupling 
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EASY 
OPERATION 
NO 
LEAKING ° 
NO 
LUBRICATION 


WITH 


DeZurik Plug Valves 


... the only valves with Eccentric Action ! 


The easy operation and dead-tight closure —without LES 


lubrication—of DeZurik Plug Valves are achieved by | === 
exclusive Eccentric Action! 
OPEN FULL 


In a DeZurik Valve, the plug is pivoted eccentrically> 

the plug face touching the seat only when the valve is xR 
closed! The first fractional movement in opening the > 
valve backs the plug away from the seat and the valve 

opens easily—-without friction, without sticking, without 
lubrication! 


The resilient plug face closes dead-tight, desrite solids in the flow, 
by sealing around grit or sand on the seat. And the single-faced 
DeZurik plug does not “‘trap”’ liquids in the plug to freeze or ferment. 


DeZurik Valves are manufactured in 
sizes from 14” thru 20’’ with manual 
or a complete line of remote operators. 
Representatives in all pr:ncipal cities, 
or, for more information, write 


DeZuRIK 


CORPORATION 


SARTELL, MINNESOTA 


4 
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A New Concept in Measuring Flow 


. Through Parshall Flumes 


BURGESS-MANNING 
Type ‘ML’ 
METER 
Completely eliminates 


@ Excavation of dry well foun- 
dation. 


@ Concrete dry well foundation 
and walls. 


® Metal float well and cover. 


@ Connecting telltale piping, 
valves and fittings between 
Parshall Flume and float well. 


@ Float cable and protecting 
Piping. 


@ Clear water piping and fit- 
tings for back-purge system. 


® Metal grating to cover dry 
well. 


Think of the savings! 
Think of the elimination of macntainee! 


a. Write for Burgess-Manning “ML” Meter Bulletin 


BURGESS-MANNING COMPANY 


Penn Instruments Division 


4122 Haverford Ave., Philadelphia 4, Pennsylvania 


_Instrumentation and Controls ae 
for water, steam, gases, sewage and industrial wastes ri 
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why work likea 


No need to when you lay Tyton Joint® pipe. 
This quick and easy-to-assemble pipe goes in so 
smoothly it’s a pleasure to work with. 


Only one accessory needed —a simple rubber 
gasket that fits in the receiving pipe bell 

and is compressed by the entering spigot to 
permanently seal the joint. No bell holes. No 
weather worries. Tyton Joint can be laid 

in rain or wet trench. 


A word of warning, however: make sure your 
trenching machine gets an early start or 


| our layil 


me—will 


all 
aving pi 


J. S. 
Genera 


FOR WATER, SEWERAGE AND iNDU 


le 
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} 
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of £4) Pd, 
cast iron 
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dog? 


| our laying crew—even an inexperienced 
me—will catch up fast. 


.ike all the facts on this new, time-and-money- 


aving pipe? Call or write today. 


J. S. PIPE AND FOUNDRY COMPANY 
| Genera! Office: Birmingham 2, Alabama 


2 FROM MINES 


PIPE 


Wipe a film of special lubricant over inside of gasket 


Insert plain end of pipe until it contacts gasket 


“WE NEED A COUPLE MORE DAWGS, 
GRAN'MAW...WE'RE LAYIN’ THE \ 
TYTON FASTER'N THEY KIN DIG” 


ND INDUSTRIAL SERVICE 
Force plain end to bottom of socket . . . the job's done! 


ONLY FOUR SIMPLE ACTIONS ee 
| 
insert gasket with groove over bead in gasket seat : 
| V 
“ = 
— 
CC 
es 
Be 
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LASTING PROTECTION 


INERTOL 
PAINTS 


specified 100% 
for Linden—Roselle, N. J., 
Sewage Plant 


Pumping station of new $4,000,000 Linden—Roselle Sewage Treatment Plant. The entire plant 
is painted with Inertol coatings. Colorful Glamortex® quality alkyd, along with Ramuc® Utility 
Enamel and Ramuc Floor Enamel —both chlorinated natural rubber-base coatings in color —are 
but three of the Inertol paints chosen to attractively protect this plant. 


Chemical fumes, high humidity, corro- 
sive industrial wastes —such destructive 
influences had to be combated to main- 
tain the plant’s good looks and assure 
maintenance economy. Inertol coatings 
were specified exclusively by Consulting 
Engineer M. H. Klegerman of Alexander 
Potter Associates, New York, N. Y. 

Throughout this plant Inertol colored 
enamels and bituminous coatings are at 
work. They not only provide top, trouble- 
free service, but their hardness, chemical 
inertness and elasticity mean safe, effi- 
cient, low-cost protection as well. 

Thousands of installations ail over the 
sountry enjoy Inertol protection and 
beauty. Your plant can benefit, too. Buy 


Inertol paints direct from the manufac- 
turer. Shipments within three days from 
our plant, or from nearby warehouse 
stocks. Send for free, informative “Engi- 
neers’ Painting Guide.” Just write on 
your firm's letterhead, giving your title. 
Be sure to ask about Florwear®, Inertol’s 


chemical- and wear-resistant pdint 
specifically formulated for concrete floors. 


Rustarmor ®—for large non- 
submerged steel areas. 


Glossy, tough, long-oil alkyd resin 
enamel in color. Flexible, follows ex- 
pansion and contraction without check- 
ing. Inhibits rust, prevents rusting. 


482 Frelinghuysen Avenue, 


A Complete Line of Quality Coatings for Sewage Plants and Water Works 


—-INERTOL CO., Inc.— 


Newark 12, New Jersey 


27H South Park, San Francisco 7, California 
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View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois... where Clow Cast Iron Pipe was furnished 
to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end— in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


Subsidiaries: 


JAMES B. CLOW & SONS Ww Eddy Valve Co.,Waterford, N. Y. 


201-299 North Talman Avenve * Chicago 80, Illinois lowa Valve Co., Oskaloosa, lowa 
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Proved 
most effective 
sanitation chemical 
in all 
types of applications 


CLOROBEN 


provides fast, sure 
treatment of sewage, 
controls odor! 


Specify and use CLOROBEN for up-sewer treatment to control odor, minimize 
corrosion, improve plant operation. 


Specify and use CLOROBEN for septic tanks cesspools, chemical toilets. 
CLOROBEN! Unquestionably the choice of professional sanitation engineers. 


ON REQUEST: Technical Brochure describing CLOROBEN applications and 
performance data. 


CLOROBEN CHEMICAL CORPORATION 


115 Jacobus Avenue. : ( Standard Chlorine Chemical Co., Inc. 
Affiliate of: - 


South Kearny, New Jersey (Standard Naphthalene Products Co., Inc. 


4 
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In the spots 


TROUBLE-FREE SERVICE is assured 
under all fluid, temperature and pres- 
sure conditions by the exclusive design 
of Homestead Lever-Seald Valves. 


Instant stick-proof operation is 
guaranteed by a built-in lever and 
screw which mechanically relieves 
seating pressure. This controlled 
relief of pressure is only sufficient to 
overcome friction and to permit the 


that count... Homestead’ Valves are 


Built-ia lever and screw 
affords instant operation 


relieved for casy turning 


= 


plug to turn freely. What's more, all 
operating parts are protected from the 
damaging effects of corrosive or 
erosive service conditions and are 
completely weatherproof. 


Write today for Reference Book 39, 
Section 3. See how Homestead Lever- 
Seald Valves can solve your problems 
on high temperature, pressure or 
corrosive services. 


HOMESTEAD VALVE MANUFACTURING COMPANY 


P.O. Box 48 


Coraopolis, Pa. 


ye 
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i Seating pressure is mechanically 


SEWAGE AND 


DIFFUSAIR 


AN ORIGINAL WALKER PROCESS DEVELOPMENT 


Diffusair SPARJERS, designed and developed by Walker 
Process, represent years of research and experimenta- 
tion in conjunction with a continuing study of oxygena- 
tion processes. As the number of new and tube re- 
placement installations increase, more and more Engi- 
and Plant Superintendents recognize that 
SPARJERS successfully combine controlled air bubble 
release with increased tank turbulence and circulation 


neers 


velocities to achieve an oxygenation efficiency actually 
superior to other types of diffusion devices 


In developing the SPARJER, Walker Process Engineers 
thoroughly investigated all factors pertaining to the 
complex processes involving aeration and oxygenation. 
As a result Diffusair SPARJERS provide maximum oxy- 


INDUS 


STRIAL WASTES 


Ode 3, Texos where six main oer 


sto tanks, two holding tanks ond 
rease removal tanks ore SPARJER equipped. Walker Process also 
furnished CIRCULAR COLLECTORS, FLOTATION UNIT, DIGESTER MIXER, 
HEATX SLUDGE HEAT EXCHANGER AND SKIMMERS at Odessa 
Porkhill, Smith & Cooper 


Lubbock, Texas « Consulting Engineers 


Mr. M. Brenemon Plant Superintendent 


gen absorption and include such features as CLOG- 
PROOF SELF CLEANING ORIFICES .. . NO AIR FIL- 
TERS REQUIRED .. . POSITIVELY NO BACK PRESSURE 
BUILD-UP . . . ECONOMICAL OPERATION. 


Full-sized plant tests conducted at SPARJER installa- 
tions in recent years have demonstrated their superior 
SPARJERS are 


existing headers which formerly supported diffusion 


design. In many cases installed on 


tubes. 


The complete SPARJER story is covered in Walker 
Process Bulletin Number 22590. Here the theory and 
development is discussed in detail along with actual 


plant experience and data. Write for your copy today. 
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HOW TO 
SAVE MONEY 
FROM 

THE TRENCH 
TO THE 
PUMP 


Specify 
Concrete 


Pressure 
Pipe! 


There’s no spiralling pumping cost when you specify low-cost, long-lasting Con- 
crete Pressure Pipe for your city. Because of its extreme resistance to corrosion 
and tuberculation, the high initial carrying capacity of Concrete Pressure Pipe 
remains unimpaired throughout its unusually long lifespan. Your city gets im- 
pressive dollar savings because this pipe’s inner surface stays smooth indefinitely. 

To save money for your city—from the trench to the pump—specify Concrete 
Pressure Pipe and get these “4 big savings” built into every piece of durable, 
trouble-free Concrete Pressure Pipe. 


You save on first costs—The variety of designs available in Concrete 

T Pressure Pipe makes it possible to choose the most economical de- 

@ sign which will serve with maximum efficiency under the specified 
operating conditions required of the line. 


You save on installation costs—With Rubber Gasket Joints, there’s 
2. no caulking, bolting or welding needed. You can have minimum 
width trenches and immediate backfilling. 


You save on maintenance costs—Concrete Pressure Pipe has an ex- 

3 perience record of almost complete freedom from corrosion and 
@ tuberculation. Elastic design virtually eliminates possibility of burst- 
ing—even under conditions of extreme surge and water hammer. 


You save on operating costs—Freedom from tuberculation insures 
4. a high sustained carrying capacity. Smooth flow keeps pumping 
costs low. 


IN THE MAIN—THE TREND IS TO CONCRETE! 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street . Chicago 1, Illinois 


Member companies manufacture Concrete Pressure Pipe in accordance with 
nationally recognized specifications. 
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é 
Vew, low cost P.F.T. valved-orifice achieves 

wide air dispersal and relatively small 

bubble Size, 


Low cost, trouble-free air for aeration 
tanks with new, non-clogging valved-orifice 


Now there is a simple, trouble-free way 
to introduce low cost, low loss air into 
aeration systems, 

Many engineers have found that the 
new P.F.T. valved-orifice—originally de- 
signed for use in the Kraus Dual Aeration 
System—operates efficiently in numerous 
other applications, including those where 
ordinary diffusers would get plugged up. 
The unique P.F.T. orifice seats automati- 
cally when air pressure is turned off. 
keeping aeration piping and the rest of 
the system free from contamination. The 
compressed air need not be cleaned. un- 
like air used with finer diffusing media. 

Actual plant tests of orifice-type air dif- 


PORT CHESTER, N.Y *SAN MATEO, CALIF 


CHARLOTTE, 


fusers indicate that the new P.F.T. device 
requires the least power and makes most 
efficient use of tank capacity. P.F.T. 
makes this small, inexpensive orifice of 
corrosion-proof stainless steel. In addi- 
tion. P.F.T. supplies specialized piping. 
valves and supports for a complete aera- 
tion system. Write today for additional 
information. 


waste treatment equipment 


exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 


Chicago 13, Illinois 


CKSONVILLE DENVER 
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Aerial view of the Riverside, California Sewage Treatment Plant which recently 
incorporated the Dorr Densludge Digestion System to relieve badly overloaded 
digestion facilities. Consulting Engineer: Headman, Ferguson and Carollo, Phoenix, Arizono. 


The new Dorrco Densludge Digestion System, already 
proven in full-scale treatment plants, is a new method of 
digesting sewage sludge that makes possible a reduction of 
up to 80% in digester capacity requirements compared with 
conventional systems. The basic operation of the Densludge 
Digestion System involves concentrating sludge ahead of diges- 
tion in a specially designed thickener, then digesting sludge in 
a Digester equipped with high-capacity draft tube mixers. 

By removing the excess water in the raw sludge the Densludge 
Thickener reduces by one half, or more, the volume of raw sludge 
to the Digester. In the Digester, high capacity draft tube mixers 
insure full capacity utilization by maintaining homogeneous 
conditions throughout the tank. These reduc- 
tions in sludge volume can now be directly 
translated into reductions in overall digester 
capacity requirements. 

For more complete information on The Dorrco Den- 
sludge Digestion System, write for a copy of Bulletin 
No. 6262, Dorr-Oliver Incorporated, Bins Place, 
Stamford, Conn. 

Denshudge — Dorr-Otiver inc 
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UNITED STATES SEWAGE TREATMENT PRACTICES 
DURING THE EARLY TWENTIETH CENTURY 


By PorGEs 


Senior Sanitary Engineer, Water Supply and Water Pollution Program, Robert A. Taft 
Sanitary Engineering Center, USPHS, Cincinnati, Ohio 


It is appropriate occasionally to re- 
view the status of past sewage treat- 
ment practices in order to establish a 
firm basis for measurement of present 
and future Sewage treat- 
in the United States is of rela- 
tively recent origin, having its start 
about 1880. There was a paucity of 
published statistics until about the 
middle of the 1930’s when the maga- 
zine, Engineering News-Record, issued 
a comprehensive survey (1). 

Hyde (2) encountered this lack of 
treatment plant census data 
and states: ‘‘From many . sources, 
fragmentary and incomplete, a picture 
has been drawn . of the growth of 
sewerage and sewage treatment in the 
United States from 1860 to 1935.’’ 
Even in recent times, statistics are not 
firm in many instances. However, an 
evaluation of all information on 
sources of pollution assembled by state 
health departments and water pollu- 
tion control agencies, and by the 
United States Publie Health Service, 
is underway currently and results will 
bring up to date the growth of sewer- 
age and waste treatment. 

It was with considerable interest, 
therefore, that an analysis was made of 
an early unpublished sewage treatment 
facility inventory (3) located in the 
files of the Robert A. Taft Sanitary 
Engineering Center of the Public 
Health Service. The report listed, by 
states, those communities with treat- 
ment facilities and specified the various 


progress. 
ment 


sewage 
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treatment units. Virtually two inven- 
tories had been developed, one report- 
ing those facilities installed prior to 
1911 and the other, those installed after 
1911. The group prior to 1911 con- 
stituted a 1910 inventory whereas the 
entire record formulated an inventory 
with an effective date established as 
about 1916. 

The following pertinent explanatory 
note was carried in the report: 


“The list of treatment plants other than 
plain septic tank treatment alone includes 
at least 85 per cent of the plants now in 
operation in the United States, and serves 
at least 98 per cent of the population 
served by treatment plants other than sep- 
tic tank. 

“Tt is not believed that the list insofar 
as plain septic tank treatment is con- 
cerned is as complete as in the case of 
other types of treatment. As a general 
rule, plants consisting of septic tanks only 
are operating very inefficiently.” 


It is unfortunate that these data 
were not published when originally as- ; 
sembled. The files indicate that press 
of other work occasioned by World 
War I, post war activities, and other 
assignments prevented completion of 
the report. 


Data Limitations 


With date of the 1910 compilation 
firmly established, the time of the over- 
all inventory was determined by cor- 
relation with known references, since it 
carried no date of assembly. The com- 
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TABLE V.—Summary of Sewage Treatment Data, 1910 and 1916 
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1910 1916 
Plants | Population Plants Population 
(No.) (1910 Census) | (No.) (1910 Census) 
Communities | 619 | 4,455,117 | 846 6,145,327 
Minor treatment: 
Sereens | 1 | 2,398 | 6 21,202 
Disinfection (alone) | 6 64,533 | 3 | 25,814 
Septic tanks 250 950,954 | 255 963,359 
Total | 257 1,017,885 | 264 | 1,010,375 
Primary treatment: 
Settling tanks 14. | 70,448 | 44 168,962 
Imhoff tanks — | | 46 640,334 
Total 14 | 70,448 90 809,296 
Intermediate treatment: | 
Chemical | 7 254,166 7 254,166 
Electrolytic 1 7,847 3 16,714 
Total | 5 262,013 10 | 270,880 
Secondary treatment: 
Contact beds 102 612,590 121 679,024 
Trickling filters 26 1,019,721 90 1,662,216 
Intermittent sand filters 147 1,197,728 172 1,241,834 
Unspecified filters 17 93,570 27 124,995 
Activated sludge 8 | 123,731 
Total 292 2,923,609 418 | 3,831,800 
Land Application: 
Broad irrigation 10 | 44,756 15 60,532 
Sewage farms aa 96,590 32 116,910 
Subsurface irrigation 1 39,816 17 45,534 
48 | 181,162 64 222,976 
| 


Total 


munity population referred to through- 
out the report was that of the 1910 
United States Census. A brief review 
of correspondence during the latter 
half of the second decade revealed com- 
munications with various state engi- 
neers regarding collection of sewage 
data. In fact, more than 500 cities 
were surveyed by Public Health Serv- 
ice personnel prior to 1918 as part of 
sanitary investigations of communities 
made in connection with preliminary 
extra-cantonment zone sanitation. In- 
dications are that information on most 
of the states must be dated 1916 al- 
though that from Texas may be 1918. 
Accordingly, the date of the over-all 
inventory was judged to be about 1916. 

As may be noted from the quotes of 
the original report, the data are 
claimed to be 98 per cent complete as 


| 


to population served by sewage treat- 
ment plants other than septic tanks. 
At least 85 per cent of the plants are 
included. Septic tank data are prob- 
ably less complete but the plants 
omitted were the smaller installations. 
The report indicated that data on only 
six states (Conn., Fla., Mass., N. J., 
Okla., and Texas) were essentially com- 
plete. Even considering the incom- 
pleteness of the data, they probably 
provide the most accurate available in- 
formation for the early period of rapid 
growth of sewage treatment in the 
United States. 


Presentation of Data 


Summaries of the compilations by 
states are presented in Tables I and II 
(1910 data) and Tables III and IV 


} 
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(1916 data). The information was 
tabulated as follows: 


1. Minor treatment—screens, disin- 
fection and septic tanks. 

2. Primary treatment—settling tanks 
and Imhoff tanks. 

3. Intermediate treatment—chemical 
precipitation and electrolytic precipita- 
tion. 

4. Secondary treatment — contact 
beds, trickling filters, intermittent sand 
filters, unspecified filters and activated 
sludge. 

5. Land application — broad irriga- 
tion, sewage farms and subsurface ir- 
rigation. 

Each facility was listed in accord- 
ance with the last major treatment 
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function. For example, a treatment 
plant having a septic tank followed by 
a contact bed was tabulated only in the 
contact bed listing. Likewise a trick- 
ling followed by intermittent sand fil- 
tration was totalled only in the latter 
listing. Generally speaking, virtually 
all sewage treatment plants installed 
prior to 1911 utilized septic tanks re- 
gardless of the ultimate disposal 
method employed. After 1911, Imhoff 
tanks were generally used in new in- 
stallations. The population listings 
are 1910 United States Census figures. 

Summary data for both 1910 and 
1916 are presented in Table V. In 
1910, sewage treatment facilities served 
619 communities with a total popula- 
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FIGURE 1.—Growth of sewage systems and sewage treatment in the United States, 
1860 to 1955. 
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tion of 4,455,117. Minor treatment, 
principally septic tanks, accounted for 
257 communities. There were 14 set- 
tling tanks and 8 intermediate treat- 
ment faciilties. Secondary treatment, 
mainly intermittent sand filtration and 
contact beds, was practiced by 292 com- 
munities. Land application was re- 
ported in 48 instances, well represented 
by the three indicated methods—broad 
irrigation, sewage farms, and subsur- 
face irrigation. 

By 1916, the number of communities 
served rose to 846 with a population 
in excess of six million people. Minor 
treatment facilities increased slightly. 
Primary treatment increased more 
than six-fold, reaching 90 installations 
about equally divided between settling 
tanks and Imhoff tanks. Two inter- 
mediate installations were added to 
the eight of the 1910 inventory. Sec- 
ondary treatment increased substan- 
tially from 292 to 418 installations. 
The largest increase was in trickling 
filters. Activated sludge treatment 
plants appeared at this time, serving 
eight communities with a total popula- 
tion of 123,731. Land application 
units increased to 64 with all land dis- 
posal methods represented in the in- 
crease. 

Discussion 


Several pertinent facts of interest 
may be drawn from the information 
contained in these historic compila- 
tions. These early observers noted that 
installations limited to septic tanks 
were operating inefficiently. This lack 
of efficiency presaged the demise of 
septic tanks as a means of municipal 
waste treatment. Increase in the num- 
ber of installations from 1910 to 1916 
of both primary and secondary treat- 
ment is significant. The increasing 
number of settling tanks, Imhoff tanks, 
trickling filters, and development of 
the activated sludge process foretold 
the trend of progress. 

For 1910, Hyde (2) records 300 
treatment plants serving 4,000,000 
people. The Tarbett (3) tabulation 
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shows 619 plants serving a population 
of 4,455,000. The latter listing is prob- 
ably more complete. For 1920, Hyde 
(2) lists 1,000 plants, a number which 
appears low when compared with the 
1916 data. Figure 1 depicts the 
growth of sewage systems and treat- 
ment units in the United States from 
1860 to 1955 (1) (2) (4) (5) (6)(7). In 
this period, the number of sewage 
systems increased from 10 to about 
13,500 ; whereas the number of sewage 
treatment plants increased from 0 to 
8,400. 
Summary 


A summary of two unpublished com- 
pilations of municipal sewage treat- 
ment plants dated 1910 and 1916 has 
been presented. These data supple- 
ment existing records of sewage treat- 
ment progress during the early years 
of the twentieth century. 
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SLUDGE CONDITIONING AND FILTRATION AT 
CINCINNATI’S LITTLE MIAMI SEWAGE 
WORKS * 


By Taytor 


Senior Sanitary Engineer, Sewage Disposal Section, Department of Public Works, 
Cincinnati, Ohio 


The Little Miami sewage treatment 
works of Cincinnati, Ohio, is a primary 
treatment plant with provision for floe- 
culation with or without chemical aid 
(alum). Provision is also made for 
pre- and post-chlorination. Neither 
chemical flocculation nor chlorination 
is presently practiced. 

Plant capacity was designed for an 
average flow of 18 m.g.d. in 1951 and 
28.8 m.g.d. in 1980. Treatment was 
based on a sewage quality of 250 p.p.m. 
suspended solids and 270 p.p.m. B.O.D. 
Present average flow is 13.5 mg.d., 
with an average raw sewage quality of 
270 p.p.m. suspended solids and 130 
p.p.m. B.O.D. 

Primary settling tank sludge is 
drawn once a day from each of three 
operating tanks (one tank per shift), 
pumped through heat exchangers 
where it is heated to 90° to 95° F., and 
digested in two stages. Sludge is 
drawn each shift from each tank dur- 
ing hot weather. No heat is applied 
to the secondary stage. Digested 
sludge from the secondary digesters is 
elutriated, chemically conditioned with 
ferric chloride, vacuum filtered, and 
burned to ash. 


Process Principles 


Mechanical filtration of sewage 
sludge saves much time and space. 


* Presented at the 1957 Annual Meeting, 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf.; Dayton, Ohio; June 19-21, 1957. 

t Presently, Superintendent of Sewage Dis- 
posal, Louisville-Jefferson County Metropoli- 
tan Sewer District, Louisville, Ky. 


Rotary vacuum filters provide continu- 
ous operation with minimum labor cost. 
Filter installations can be sized from 
data showing quantities of sludge solids 
to be filtered, sludge characteristics, 
filtration rates, cake moistures, and fil- 
ter operation variables. Unfortunately, 
the only factors usually known for de- 
sign are the methods of sludge treat- 
ment and the quantities of sludge to 
be filtered. It is true that some of the 
other factors could be estimated from 
experimental work, but this is difficult 
and no such case is known. The next 
best procedure is to use average data 
from plants using similar sewage treat- 
ment methods. Schepman (1) has dis- 
cussed this subject in a recent article. 

Factors affecting sludge filtration 
may be placed in three general classes, 
as follows: 


1. Physical features of the installa- 
tion. 

2. Sludge characteristics. 

3. Filter operations. 


Sewage treatment plant operators 
usually have little choice in dealing 
with filter layouts, because they enter 
the picture after construction bas been 
completed. Sludge characteristics vary 
considerably with time and place, and 
require careful study for effective fil- 
tration. Filter operators should un- 
derstand the basic principles of filtra- 
tion and then apply them to the sludge 
and equipment at their disposal. 


Physical Features 


Filter manufacturers and consulting 
engineers are responsible for most filter 
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layouts. Recent activity by the former 
has stimulated improvements in design. 
Genter (2)(3)(4) has discussed con- 
struction and installation factors af- 
fecting sludge filtration. He points 
out the importance of such mechanical 
features as proper vacuum pump Siz- 
ing, not oversizing conditioning mixing 
equipment, not using inverted feed 
piping, proper distribution of the in- 
flowing sludge through the filter bath, 
proper control of agitators, drum sub- 
mergence, and scraper levels. 


Sludge Characteristics 


Sludge characteristics are deter- 
mined by the sludge source and the 
methods of treatment. Sludges from 
domestic sewage are relatively similar, 
but industrial waste sludges may vary 
considerably. Sludge treatment meth- 
change sludge characteristics; 
therefore, it is important to properly 
evaluate variables before attempting to 
integrate them into a practical filter 
operation. Sludge characteristics in- 
elude such factors as particle size, 
solids concentration, density of solids, 
solids structure, grease content, and 
compressibility. Their net effect may 
be summarized by a term called ‘‘filtra- 
tion resistance.’’ 


ods 


Filter Operations 


Dry solids rate and cake moisture 
are the primary considerations in filter 
operation. Early investigators (5) (6) 


(7)(8) applied the theoretical ap- 
proach to filtration of industrial 
sludges. However, their results were 


not based on data for a filtration proc- 
ess which included the drying cycle 
used in the rotary vacuum filtration of 
sewage sludges. Halff (9) developed a 
theoretical method which confirmed the 
conclusion of others that filtration fol- 
lows a parabolie relationship. His ap- 
proach is difficult, however, and other 
workers have not used it. 

Most workers have used the Buchner 
funnel test to measure the filterability 
of sewage sludges, This test is of value 
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in indicating trends in filtration, but it 
is not applicable to full-scale rotary 
filtration. It only compares treatments 
by a worker on his own sludge. Coack- 
ley and Jones (10) have developed a 
useful parameter which they call ‘‘spe- 
cific resistance.’’ It has a sound theo- 
retical basis and permits comparison of 
different types of sludges. Jones (11) 
has worked further with the use of 
specific resistance and claims to be able 
to predict rotary vacuum filter per- 
formance from a few simple laboratory 
experiments. Because it is based on 
the use of a Buchner funnel, this does 
not appear possible. 

Schepman and Cornell (12) pub- 
lished data showing good correlation 
between pilot-plant operation and a 
laboratory technique based on a leaf 
filter. The value of the leaf test in 
determining sludge filter station design 
and the optimum conditions for an op- 
erating plant was also demonstrated. 
They concluded that filter rates in- 
erease (a) logarithmically with increas- 
ing drum speed, (b) logarithmically 
with increasing vacuum, (c) linearly 
with inereasing solids concentration, 
and (d) with increasing floceulant dos- 
age up to a certain point after which 
increased chemical additions gave little 
or no inerease in rate. They also con- 
eluded that cake moisture is a function 
of drying vacuum, chemical dosage, 
and drying or cycle time, with the 
latter being the most significant. 

Sludge conditioning is necessary be- 
fore vacuum filtration. The first ree- 
ords of such work in this country were 
made at Milwaukee and Chicago in the 
early 1920’s (13) (14) (15) (16). Work- 
ers suggested use of such agents as 
heat, acid, alum, ferric chloride, ferric 
sulfate, and lime, separately or in com- 
bination. 

Genter has written the most compre- 
hensive articles on sludge conditioning 
for filtration (3)(4)(17)(18). He 
concluded that digested sludges re- 
quired conditioning chemicals 
than fresh sludges largely because of 


more 


| 
2 is 
4 
| 
‘3 


Vol. 29, No. 12 


the soluble decomposition products 
(largely ammonium bicarbonate) gen- 
erated during anaerobic digestion. He 
stated that coagulant demand was the 
sum of two factors—liquid demand 
and solids demand. Equations were 
developed to determine these demands, 
but he conditioned their value by say- 
ing that they apply to carefully dosed 
sludge, free of chemical reducing 
agents, oil emulsions, and large frac- 
tions of fines. He finally patented the 
elutriation process for washing out the 
alkalinity of the biochemically fouled 
sludge by dilution, sedimentation, and 
decantation in water of lower alkalin- 
ity. 


Equipment Specifications 
Filtration 


Filter specifications call for three 
6-ft. by 8-ft. drum filters capable of 
handling 225 tons of 8 per cent sludge 
daily. Based on five-day, 24-hr. opera- 
tion this would require a filter rate of 
314 lb. per square foot per hour. Ona 
five-day basis two filters would be ca- 
pable of handling the anticipated 
sludge load of 21,700 lb. of dry solids 
in 1953. Four filters were finally in- 
stalled. In 1980, 3.67 (or all four) 
filters would be required to filter the 
anticipated daily sludge loading of 
44,100 lb. when chemical precipitation 
is used. Otherwise, the filter rate 
would have to be raised to 4.1 lb. per 
square foot per hour to permit the op- 
eration of three filters. 


Sludge Conditioning 


Conditioning of digested sludge is 
based on elutriation and coagulation 
with ferric chloride. It was necessary 
to obtain a license to use the patented 
process of sludge elutriation. 

Two mixing and two settling tanks 
are provided for elutriation of digested 
sludge and supernatant. They are ar- 
ranged for either counterflow or sin- 
gle-flow continuous operation. Three 
bucket elevators move sludge to the 
elutriation tanks from storage wells 
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and from the elutriation tanks to the 
mixer ahead of the filter. Flight col- 
lectors drag settled sludge solids back 
to sumps at the inlet ends of the tanks. 

The mixing tanks are 8 ft. by 7 ft. 
by 5.25 ft. deep and the settling tanks 
44 ft. by 12 ft. by 12 ft. deep. Liquid 
depth in the mixing tanks is 2.5 ft. 
Using a 3:1 wash-water rate, theoreti- 
cal displacement times are 3 to 19 min. 
in the mixing tanks and 2.4 to 14 hr. 
in the settling tanks. Possible area 
flows in the settling tanks are 151 to 
909 gal. per square foot per day. 

Elutriated sludge is mixed with di- 
lute ferric chloride (about 21 per cent) 
in a 150-gal tank equipped with a two- 
paddle horizontal agitator. Speed reg- 
ulation of the agitator varies from 4 
to10 r.p.m. The elutriated sludge ele- 
vator is interlocked with the ferric 
chloride feeder, which is of the vol- 
umetric type and capable of delivering 
from 0 to 100 g.p.h. Each filter tank 
is fed by a separate 6-in. pipe from the 
the mixer. These pipes enter the tanks 
on the ends nearest the mixer, which 
sits between the two pairs of filters. 
Six-inch overflow lines in the tanks 
regulate sludge depth. Swing-type 
agitators in the tanks prevent deposi- 
tion of solids. A single conveyor belt 
between the two pairs of filters in tan- 
dem earries sludge from the filters to 
the incinerators. 

Two vacuum pumps, two compres- 
sors, two filtrate pumps, and supple- 
mental equipment are provided for 
three filters. An additional unit of 
one vacuum pump, one compressor, and 
one filtrate pump is also provided. 
Each unit of vacuum pumps, compres- 
sors, and filtrate pumps is capable of 
serving one or both of two filters. 
Each vacuum pump has a displacement 
of not less than 600 ¢c.f.m. and is ¢a- 
pable of producing not less than 26-in. 
of vacuum (mercury). 


Incineration 


Two five-hearth furnaces with rotat- 
ing rabble arms are provided for dry- 
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FIGURE 1.—Vacuum filter room at Cincinnati’s Little Miami sewage treatment plant. 


ing the sludge or burning it to ash. 
Each furnace is capable of dewatering 
and incinerating 45 tons of filter cake 
per 24 hr. This rating is based on a 
filter cake with a moisture content of 
70 per cent, total solids content of 30 
per cent, combustible solids content of 
15 per cent, ash content of 15 per 
cent, and a heat value of 10,000 B.t.u. 
per pound of combustible solids. 


Filter and Sludge Conditioning 
Operations 


Figure 1 shows the filter layout. 
Filters have been operated on a five- 
day week for the most part. The 
elutriation tanks sit full over the week- 
end; digested sludge is fed into the 
tanks just after midnight on Monday 
morning. Filtration is started on Mon- 
day morning between 4 and 8 a.m. and 
continues until Friday night. Conse- 
quently, the heaviest sludge (up to 
13 per cent dry solids) has been avail- 
able for filtration on Monday. Sludge 
concentration drops off to 5 to 7 per 


cent by Friday, depending on digested 
sludge concentration and elutriation 
operation. 

Both counterflow and _ single-stage 
elutriation have been practiced. Wash- 
water rates of 3:1 or 4:1 have been 
used with the former and 6:1 with the 
latter. When single-stage elutriation 
is used, the sludge-water mixture is 
passed through one settling tank and 
then only the washed sludge is passed 
through the second tank. 

To date, daily filtration rates have 
ranged from 0.8 to 3.0 lb. per square 
foot per hour, with an average of only 
1.5 lb. All four filters would have to 
operate 24 hr. for five days to handle 
the daily sludge load from the digesters 
of 16,000 lb. dry solids. The filters 
have been operated seven days a week 
during some periods. Also, digested - 
sludge has been dumped into the Ohio 
River during flood stages. Thus, it is 
possible to handle the filter load. How- 
ever, it will be necessary to raise filter 
rates to meet increasing future solids 
loads. 
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Plant Studies 


Opportunity to study operational 
variables of full-scale filtration has 
been limited. Operational records are 
difficult to interpret because there are 
so many variables. Graphical study 
of such factors as drum speed, vacuum, 
sludge concentration, ferrie chloride 
dosage, and filter yield shows certain 
relations, but statistical analysis shows 
poor correlation. Parameters are avail- 
able for most filtration variables with 
the exception of blinding. 

Filter yield is considered more im- 
portant than cake moisture because 
filter capacity is very limited and in- 
cinerator capacity is high. 


Filter Operations 


Drum speed, agitator operation, and 
drum spraying are the only opera- 
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tional variables. Experience shows 
that the agitators should only be used 
when sludge solids build up in the 
filter tank sections farthest from the 
inlet. This is usually every 2 to 3 
hr., with operation for only about 1 
min. Drums are only sprayed when 
blinding occurs. Blinding is so vari- 
able that spraying is left to the dis- 
eretion of the operators. Spraying 
may be required every few hours or 
only every few days. 

Limited data have been obtained on 
the effects of drum speed and sludge 
solids concentration on filter yields. 
Using the conventional drum speed 
unit, cycle time in minutes, Figure 2 
shows that yield is directly propor- 
tional to both variables. The relation 
between drum speed and yield is log- 
arithmic, whereas that between sludge 
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FIGURE 2.—Effect of drum speed and 


elutriated, digested sludge, Little Miami sewage plant. 
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FIGURE 3.—Effect of sludge solids concentration and drum speed on filter yield; 


elutriated, digested sludge, Little Miami plant. 


vacuum, 25 in. Hg. 


solids and yield is straightline. Using 
the same data, Figure 3 shows the 
straightline plot of solids concentra- 
tion versus yield with varying drum 
speeds. This confirms the work of 
Schepman and Cornell (12). 

No specific data have been obtained 
on the effect of filter vacuum on yield 
and cake moisture. The valves of both 
the pickup and drying vacuum lines 
have usually been set to produce 25 
to 27 in. Hg. This usually produces 
maximum yield and minimum cake 
moisture, which averages about 65 per 
cent. Sometimes the operators reduce 
drying vacuum to as low as 15 to 20 
in. Hg to prevent the cake sticking 
to the filter cloth. This produces a 
wetter cake, which they think will pre- 
vent sticking and blinding. 

Filter cloth blinding is an opera- 
tional problem that can only be par- 
tially controlled by proper operations. 
If the cake will separate from the 
cloth at the air blow-off, it will fall 
away from the drum ahead of the 
scraper and be guided onto the belt 
conveyor. Otherwise, the seraper will 
have to peel it off the cloth and this 
becomes practically impossible if the 
cake is thin and sticks to the cloth. 


Ferric chloride dosage, 5 per cent; 


This is particularly true when wooden 
drum filters are used, especially when 
they warp out of round; the seraper 
ean be bent to fit only parts of the 
drum and there is danger of gouging 
the cloth. 

Enough is not presently known 
about the characteristics of sludge con- 
stituents to relate them to filter blind- 
ing. The effects of sludge conditioning 
on blinding are not fully understood. 
It is known, however, that too little 
or too much ferrie chloride will cause 
sticking to the cloth. 

Cake thickness is the one factor hav- 
ing the greatest effect on filter blinding 
in the Little Miami plant. If cake 
thickness can be brought up to 4 in. 
or more, the eake quickly separates 
from the cloth. Sludge solids concen- 
tration controls cake thickness for the 
most part, because when solids are 
brought up to about 8 per cent or 
more, cake thickness immediately goes 
up to 4% in. or more. Ferrie chloride 
dosage and drum speed can then be 
easily adjusted to give optimum yield 
with little if any blinding. It is not 
unusual to produce %-in. cakes on 
Monday mornings when the filters 
start up with 10 to 12 per cent sludge. 
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Such operations would double or triple 
present yields. 

Selection of filter media has been 
based on limited information. Three 
synthetic materials other than flannel 
have been tried. Saran, Dynel, or 
polyethylene gave no better results 
than flannel and cost about 50 per cent 
more. Average cloth life has been 
1,200 hr. There is need for further 
filter cloth study, particularly with 
reference to material texture and po- 
rosity. 


Elutriation 


Elutriation has been a bottleneck in 
the sludge disposal program because 
production by this process has been 
below plant loading requirements. Re- 
circulation of sludge solids to the plant 
influent may be as high as 25 per cent 
of feed to elutriation when operations 
are speeded up to plant loading re- 
quirements. Moreover, solids concen- 
trations of elutriated sludge fall off to 
5 to 7 per cent, causing blinding on 
the filters. 

Eight to 12 per cent solids can be 
obtained from the sludge hoppers for 
filtration on Monday morning after the 
elutriation tanks have stood quiescent 
over the weekend. Concentration falls 
off quickly, however, to 5 to 7 per cent 
by Tuesday, if feed rates are main- 
tained. Loss of solids over the effluent 
weirs can be reduced and compaction 
of sludge for filtration ean be accom- 
plished by stopping the process every 
2 to 3 hr. and allowing the tanks to rest 
for the same time. This creates opera- 
tional problems and cuts production. 

The cause of loss of solids by elutria- 
tion has not been specifically deter- 
mined. There is a high percentage of 
fines that settle under quiescent condi- 
tions but go over the effluent weirs 
under continuous flow conditions. 
Their density and volatile matter con- 
tent are practically the same as that 
of the coarser material. Refusal of the 
solids to settle and compact is probably 
due to their colloidal nature. 
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Free oil floats out of the tanks with 
the wash water. Sludge from the bot- 
tom of the secondary digester contains 
about 16 per cent grease. Elutriated 
sludge contains about 14 per cent, so 
approximately 12.5 per cent of the 
grease is removed by washing. The 
grease removed is mostly hydrocarbons 
in the form of mineral oil. 

The settling tanks originally had no 
baffles. Each tank has an influent 
channel 21% ft. wide by 1 ft. high. 
These inlets are located in the centers 
of the inlet ends, with flow depth being 
9 in. Normal wash-water sludge flows 
of 120 g.p.m. produce entrance veloc- 
ities of 8.5 ft. per minute. Such surface 
velocity causes tank short-circuiting, 
which can be observed with dye testing. 
The tanks have normal working depths 
of 12 ft. and theoretical settling times 
of 6.3 hr. with a feed rate of 120 g.p.m., 
but surface flow-through time is of the 
order of 10 to 15 min. This happens 
in spite of the fact that the surface 
settling rate is only 346 gal. per square 
foot per day and the tanks are 40 ft. 
long. 

A target baffle, 5 ft. by 5 ft., was 
installed 1 ft. in front of each inlet 
port to reduce shirt-cireuiting. This 
caused some improvement by dispers- 
ing the influent. Then an 8-ft. by 11- 
ft. wide slotted baffle was hung 2 ft. 
in front of one inlet to distribute flow 
across the tank’s cross-section and elim- 
inate surface short-circuiting. Four 
horizontal slots of 2, 4, 6, and 12 in. 
were left at increasing depths to ac- 
complish even distribution. This baf- 
fle also affected some improvement, but 
not enough to permit design rates of 
operation. At present, thought is be- 
ing given to the idea of installing one 
or more baffles of a venetian blind type, 
which has proven successful in similar 
operations. 

It should be mentioned that original 
design called for elutriation of digester 
supernatant. This operation was un- 


successful from the start because super- 
natant had to be pumped at a 200- 
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g.p.m. rate. This stirred up the elutri- 
ation tank contents and produced bad 
results. Consequently, supernatant 
was soon diverted directly to the plant 
influent. 


Chemical Coagulation 


Sludge coagulation has presented no 
particular problems and operational 
control is good. The main difficulty 
occurs when sludge concentration is 
changing rapidly and sludge solids 
data cannot be obtained fast enough to 
keep the ferric chloride dosage at the 
right level. Relatively slow agitator 
speeds of 3 to 4 r.p.m. are most satis- 
factory. 

Operational records do not agree 
with ferric chloride dosages calculated 
by Genter’s formulas (18). Average 
operational results are compared with 
calculated values in Table I. Opera- 
tional ferric chloride dosage is based 
only on operational experience, but the 
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TABLE I.—Chemical Conditioning of Sludge, 
Little Miami Sewage Works, 
Average Yearly Values 


| 1954 


Item 1955 | 1956 
Sludge: | | 
Alkalinity (p.p.m.) | 610 | 680 | 670 
Solids (%) 8.1 | 6.2 
Volatile matter (%) 11.7 | 47.4 | 48.6 
FeCl; dosage, feed } 
rate (%) 3.7 | 52 | 58 
Calculated FeCl; dosage, | 
Genter: | 
Liquid demand (%) 0.75| 0.95} 1.10 
Solids demand (°%) 1.15} 1.44] 1.51 
Total demand (%) |} 1.90] 2.39] 2.61 
Ratio (act. dosage/cale.) | 1.95) 2.13) 2.26 


ratio of operational dosage to caleu- 
lated dosage holds at about 2 to 1. 


Laboratory Studies 


Laboratory results have proven bene- 
ficial in evaluating filtration and condi- 
tioning variables. 


It is relatively easy 


vacuum, 25 in. Hg. 


Filter Cycle Time, 


9 10 ll 12 13 
Minutes 


FIGURE 4.—Filter leaf test, effect of drum speed and solids concentration on filter 
yield; elutriated, digested sludge, Little Miami plant. 
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FIGURE 5.—Filter leaf test, effect of ferric chloride dosage and sludge solids concen- 


tration on filter yield; elutriated, digested sludge, Little Miami plant. 


min. cycle; vacuum, 25 in. Hg. 


to control factors and measure para- 
meters. 


Filtration 


Filter yield and cake moisture, as 
stated earlier, are the important cri- 
teria. The former assumes prime im- 
portance because filter capacity is 
limited but incinerator capacity is am- 
ple. 

The filter leaf test is preferred to the 
Buchner funnel test because it simu- 
lates drum filter operation and permits 
yield results comparable to plant op- 
erations. Figure 4 shows that yield is 
directly proportional to drum speed 
and sludge concentration. The rela- 
tion between yield and drum speed is 
logarithmie and a log-log plot would 
produce a straightline curve. The 
yield versus sludge concentration curve 
would be a straight line. 

Figure 5 shows the relation between 
ferric chloride dosage and filter yield. 
This confirms the opinion that there is 
an optimum value for ferric chloride 
dosage somewhere between too little 
and too much. The current price of 


Drum speed, 12- 


ferric chloride dictates cost per unit 
of production, however. 

Cake moisture is a function of filter 
vacuum, chemical dosage, and drum 
speed. Filter vacuum is maintained at 
25 to 27 in. Hg, which is optimum for 
both cake moisture and filter yield. 
Drum cycle times were varied from 5 
to 12 min., and ferric chloride dosages 
from 2 to 15 per cent. Inconsistent 
cake moisture results were obtained on 
the leaf filter, although cake moisture 
only varied from 62 to 67 per cent. 
Longer cycle times tended to give lower 
eake moistures, but the effect of ferric 
chloride was inconclusive. 


Elutriation 


Elutriation reduces sludge alkalinity 
from about 2,700 p.p.m. to about 700 
p.p.m. with 300- to 350-p.p.m. well 
water and to about 350 p.p.m. with 90- 
to 110-p.p.m. city water. Elutriation 


with city water produces a cleaner elu- 
triate than with well water, and also a 
heavier sludge for filtration. Monthly 
and yearly sludge yields show more 
solids to elutriation than to filtration, 
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TABLE II.—Effect of Ferric Chloride on 
Elutriation Settling; Concentration of 
Washed Sludge, 3.1 Per Cent 
Dry Solids 


Suspended Solids in Elutriate 


(%) Total 
FeCl | Solids 
Dosage - — After 
(p.p.m.) 15 | 30 90 | 300 | 300 2 

Min. Min. | Min. Min. | 

2,000 | 0.010 | 0.003 | 0.009 | 0.013 | 
1,000 | 0.011 | 0.014 | 0.001 | 0.026) 3.69 

750 | 0.013 | 0.007 | 0.008 | 0.013 
500 | 0.021 | 0.006 | 0.008 | 0.033 3.83 
350 | 0.035 | 0.031 | 0.007 | 0.032 3.95 
250 | 0.038 | 0.042 | 0.016 | 0.032 1.00 
0.086 | 0.058 | 0.052 4.07 


0 |0.113 
| 


indicating loss or recycling through the 
plant. Individual daily results, how- 
ever, show that compaction can be ob- 
tained during elutriation, even though 
dirty effluents may result. 

Some effort was made in the labora- 
tory to effect better separation of water 
and solids in the elutriation settling 
tanks. Much of the sludge solids is of 
a colloidal nature; therefore, thought 
was given to neutralization of particle 
charge to effect coagulation and sludge 
compaction. Sludge solids are nega- 
tively charged. 

Varying amounts of ferric chloride 
were added to 500-ml. volumes of the 
sludge-water mixture from the elutria- 
tion mixing tank. Suspended solids 
determinations were run on the super- 
natant from 500-ml. graduates over 
time periods up to 5 hr. Total solids 
were run on the sludge after 5-hr. set- 
tling. The results (Table II) 
that ferric chloride with settling pro- 
duces a cleaner supernatant and slightly 
less compaction than settling without 
the coagulant. They also show that in- 
creasing concentrations of ferric chlo- 
ride produce cleaner supernatants, but 
decreasing compaction. Alum also will 
coagulate the sludge solids to produce 
a clear supernatant, but compaction is 
practically zero. 

Neutralization of the colloidal par- 
ticle charge with acid makes for good 
compaction at the iso-electriec point. 


show 
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No fluffy chemical precipitates are 
formed with the sludge. Data indi- 
eate that the iso-electric point is about 
at pH 5.5. The 24-hr. compaction of 
digested sludge was 16 per cent at pH 
6.0, 64 per cent at pH 5.5, and 23 per 
cent at pH 5.0. Cost of sulfurie acid 
would be about $50.00 per day and 
there would be the problems of han- 
dling and corrosion. 

A scale model of the elutriation 
tanks has been built to permit study 
of operational variables and baffling. 


Chemical Coagulation 


It takes 25 to 30 min. for coagulated 
sludge to reach the filter cloths. Tests 
were run on coagulated sludge to show 
the effect of time. The data are given 
in Table III. The Lebanon sludge 
showed a definite decrease in filter 
yield with increasing time but such 
was not the case with Little Miami and 
Loveland sludges. 


Sludge Characteristics 


The effects of sludge characteristics 
on coagulation and filtration are diffi- 
cult to measure and evaluate. Limited 


TABLE III.—Effect of Coagulant Contact Time 
on Filter Yield (Ferric Chloride Dosage, 
7 per cent; Vacuum, 26 in. Hg; 
Drum Speed, 12-Min. Cycle) 


Yield (Ib./sq. ft./hr.) 


Time - 
(min.) 
Little Little Love- . 
Miami! Miami? | land? Lebanon* 
— 
0 1.57 2.05 | 0.82 | 2.68 
20 2.06 2.21 | 0.90 | 1.86 
40 1.79 2.40 0.95 | 1.24 
60 1.36 2.02 0.86 | 1.12 
1Secondary digester, primary treatment; 


total solids = 9.7 per cent, alkalinity = 470 
p.p.m. 
2 Tertiary digester, primary treatment; total 
solids = 10.9 per cent, alkalinity = 600 p.p.m. 
3Secondary digester, secondary treatment- 
trickling filter; total solids = 6.3 per cent, alka- 
linity = 500 p.p.m. 
‘Primary digester, 


secondary treatment- 


activated sludge; total solids = 9.8 per cent, 
alkalinity = 650 p.p.m. 
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data have been obtained at Little 
Miami, but they indicate reasons for 
certain operational results. 

Particle Size 

Microscopic examination of sludges 
reveals a great number of fines. Aver- 
age total field counts show that 76 per 
cent of the raw sludge solids, 85 per 
cent of the primary digester solids, and 
84 per cent of the secondary digester 
solids were less than 5 microns in cross 
section. Likewise, 12.6 per cent of the 
‘aw sludge solids, 2.6 per cent of the 
primary digester solids, and 2.1 per 
cent of the secondary digester solids 
were over 100 microns in cross section. 
The small remaining percentages were 
between these two sizes. Practically all 
the particles over 100 microns in size 
were fibers. These percentages repre- 
sent numbers of particles, not masses 
or volumes. 

These results indicate that much of 
the sludge solids is colloidal or near 
colloidal size. Consequently, there is 
great surface area per unit mass. 
Moreover, the organie matter, which 
constitutes about 50 per cent of the 
solids, probably has capillary surfaces 
holding great quantities of water. 
This may explain why the sludge set- 
tles with difficulty in elutriation set- 
tling tanks and resists compaction. 
This also helps to explain why Genter’s 
equations for determining chemical co- 
agulant demands give low results. 
Finally, these fines may contribute to 
filter blinding. 


Nature of Solids 


The volatile matter test gives an ap- 
proximation of organic matter. Vola- 
tile matter of sludge from digestion to 
elutriation varies from 41 to 53 per 
cent, with an average of 47 per cent. 
Low values occur in warm weather, 
high in cold. Elutriation has little if 
any effect on these values. 

It is difficult to say how much of the 
colloidal dispersion of the sludge is of 
the suspensoid type and how much is 
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of the emulsoid type. Dehydration of 
the sludge indicates a large amount to 
be suspensoid, because it cannot be re- 
dispersed in water. Whatever emul- 
soid is present is probably organic mat- 
ter. This emulsoid may account for 
the reversion of chemically coagulated 
sludge on standing before filtration. 

Genter’s statement (2) that compres- 
sibility of sludge solids is a direct fune- 
tion of organic matter in the solids is 
probably true. However, the statement 
that the amount of coagulants used 
must be a function of volatile matter 
ignores all the inorganic matter which 
may be colloidal. 


Specific Gravity of Sludge 


Digested sludge to elutriation and 
filtration has a specific gravity of about 
1.02. The specific gravity of inorganic 
solids is approximately 2.71, of organic 
solids about 1.36, with a combined 
value of 1.62 to 1.78 for total sludge 
solids. These values are consistent 
with sludge values of 6 to 8 per cent 
solids and 47 per cent volatile matter 
and do not indicate anything unusual 
about the sludge. 


Grease in Sludge 


Raw sludge to digestion contains 16 
to 20 per cent grease (19). Settling 
tank skimmings to digestion contain 
78 per cent grease but constitute less 
than 1 per cent of solids to digestion. 
Grease content drops to 14 to 16 per 
cent in digested sludge. Elutriation 
then reduces grease content to 13 to 15 
per cent of dry solids. 

Microscopic examination of raw 
sludge shows oil droplets mixed in with 
the solids particles. Digested sludge 
has very few oil droplets, elutriated 
sludge practically none. This ean be 
explained by the fact that glycerides 
and fatty acids are broken down by 
digestion and the stable hydrocarbons 
rise to tops of digesters on quiescent 
settling. Considerable mineral oil ac- 
cumulates in the tops of the digesters 
and is periodically removed. Practi- 
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cally all the free oil in the digested 
sludge to elutriation is floated out of 
the sludge in the elutriation settling 
tanks. This means that the bulk of the 
grease is adsorbed on the solids. This 
affects chemical coagulation for filtra- 
tion. 

Grease in sludge may be placed in 
three classes—hydrocarbons, fixed oils 
or glycerides, and fatty acids. Separa- 
tion may be accomplished in a chroma- 
tographic column using acid-washed 
alumina and the proper solvents. Car- 
bon tetrachloride will remove hydro- 
earbons; ethyl alcohol, the fixed oils or 
oxidized hydrocarbons; and ethyl al- 
cohol, acidified with acetic acid, the 
fatty acids. Saponification will sepa- 
rate hydrocarbons from the other ma- 
terials. 

Raw sludge contains about 55 per 
cent hydrocarbons, 27 per cent fixed 
oils or glycerides, and 18 per cent fatty 
acids. Anaerobie digestion changes the 
values to about 80 per cent hydrocar- 
bons, 18.5 per cent fixed oils or glycer- 
ides, and 1.0 per cent fatty acids. 
Practically all the fatty acids, part of 
the fixed oils or glycerides, and none of 
the hydrocarbons are broken down by 
anaerobic digestion. Consequently, the 
relative percentage of hydrocarbons 
goes up from 55 to 80 per cent during 


TABLE IV.—Specific Resistance Values for Sludges 


digestion. The effects of these com- 
ponents on coagulation and filtration 
are not presently known. 

Grease content and its components 
vary with the source of sewage and 
methods of treatment. Digested sludge 
from the small Loveland, Ohio, plant, 
receiving only domestic sewage and 
having a trickling filter, had a grease 
content of only 4.0 per cent. Sepa- 
ration showed about 49 per cent hydro- 
earbons, 47 per cent fixed oils or 
glycerides, and no fatty acids. 


Resistance to Filtration 


The parameter ‘‘specific resistance,’’ 
developed by Coackley and Jones (10), 
measures the filterability of sewage 
sludges and can be expressed in re- 
producible numerical values. It is 
based on use of a Buchner funnel, so 
accurate yield values are not possible. 
Their equation for resistance is 


2P A*b/uc 


where r is specific resistance in centi- 
meters per gram; P is pressure in 
grams per square centimeter; A is area 
in square centimeters; u is viscosity of 
filtrate in poises; c is the ratio of grams 
dry cake solids per gram of liquid in 
the sludge before filtration; and b is 


Specific Resistance (cm./g.) 

Little Miami! Loveland? Lebanon?* 
No 7 0 1.3 10° 38x10 | 7.2 x10 
No 25 0 15x 10° | 
No 7 5 | 22% 108 15x10 | 
No 7 10 | 14 108 | 3.0 X 108 
No 25 10 | 30x10 
Yes 7 0 | 1.0 X 10° ‘ | 7.0 X 10° 
Yes 7 2 2.4 108 | 
Yes 7 5 | 13x 108 2.4 X 108 | _ 
Yes 7 10 | 13X10 _ 1.2 X 108 
Yes 25 0 | 21x10 
Yes 25 5 1.3 X 108 so | met 


1 Primary and secondary digesters, primary treatment. 


? Primary digester, secondary treatment w 
* Primary digester, secondary treatment w 


ith trickling filter. 
ith activated sludge. 
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the slope of the graph of 6/V, where 
V is the volume of filtrate and 6 is the 
time in seconds. 

Table IV shows values for r with 
Little Miami sludge and two other di- 
gested sludges. Specific resistance 
values show that (a) pressure increases 
resistance slightly, (b) ferrie chloride 
has greatest effect in reducing resist- 
ance either with elutriated or unelu- 
triated sludge, (c) elutriation reduces 
resistance slightly, and (d) increasing 
ferric chloride over 2 per cent de- 
creases resistance slightly. It is inter- 
esting to note that specific resistance 
of digested sludge with no ferric chlo- 
ride increases with the order of treat- 
ments: primary, secondary with trick- 
ling filter, and secondary with ac- 
tivated sludge. Use of ferrie chloride 
produces about the same r-values with 
all three sludges. 


Summary and Conclusions 


1. The principles of sludge condi- 
tioning and filtration are briefly dis- 
cussed. 

2. Facilities for disposal of digested 
sludge at Cincinnati’s Little Miami 
sewage works are described. 

3. Operational data show that fil- 
tration results do not meet the design 
standards. This is largely due to 
sludge solids loss from the elutriation 
tanks. Good filtration yields with little 
filter cloth blinding can be obtained 
with 8 per cent and more solids, but 
such results are not possible when 
solids losses in elutriation run as high 
as 25 per cent. Filter cloths show little 
blinding with cake 44 in. and more 
thick, which can be obtained with 8 per 
cent and more sludge solids. 

4. Plant studies show that filter 
yield is directly proportional to drum 
speed and sludge concentration, the re- 
lation with drum speed is logarithmic, 
and with sludge concentration it is 
straight-line. Further study of filter 


cloths and baffling in elutriation tanks 
is needed. 
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5. Laboratory studies are helpful in 
controlling and evaluating plant oper- 
ations. The filter leaf test is preferred 
to the Buchner funnel test because it 
permits filter yield results comparable 
to plant operations. The direct rela- 
tions between yield and drum speed 
and between yield and sludge solids 
concentration can also be demonstrated 
with the filter leaf test. Filter yield 
increases with increasing ferric chlo- 
ride dosage to a maximum and then 
decreases. 


Study of sludge conditioning for fil- 
tration shows need for further work. 
The filterability of some chemically 
coagulated sludges decreases with time 
but this is not indicated with Little 
Miami sludge. Additions of ferric 
chloride or alum to sludge for elutria- 
tion produces cleaner supernatants but 
less compaction. Neutralization of col- 
loidal particle charge with sulfuric 
acid effects good compaction at pH 5.5. 

Study of sludge characteristics helps 
to explain sludge conditioning and fil- 
tration problems. Most sludge parti- 
cles are colloidal or near colloidal size. 
Most of the grease in elutriated, di- 
gested sludge is composed of hydro- 
earbons which are adsorbed on the 
sludge particles. The effects of this oil 
on coagulation and filtration are not 
known. The resistance of sludge to fil- 
tration and its compressibility can be 
measured in the laboratory and ex- 
pressed in reproducible numerical 
units. 
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PROFESSIONAL OPPORTUNITY 


The City of Springfield, Mo., is accepting applications for the following 
position : 


Sewerage System Superintendent—Supervise the operation of two Krause 
process activated sludge plants with a combined capacity of 20 m.g.d. 

High school graduate, 8 to 10 years of responsible experience in construction, 
operation, and maintenance of complex sewage treatment plants, 3 to 5 years 
of supervisory experience. 


Salary commensurate with qualifications; paid vacation and sick leave bene- 

fits. For further information write to Personnel Department, City Hall, Spring- 
field, Mo. 


CORRECTION 
In the 1956 Critical Review of Literature under Industrial Wastes, Food 


Processing Wastes, page 614, the cost of lagooning cannery wastes should be 
$0.006 to $0.007 per case and not $0.06 to $0.07. 
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SAMPLING PROCEDURE FOR TANKS OF HOMOGE- 
NEOUS CONTENT 


By Perer J. 


Research Associate, State University of Towa, Iowa City, Iowa 


The effectiveness of a sewage treat- 
ment unit is measured quantitatively 
by B.O.D. removal, solids removal, 
volatile solids destruction, ete. 

If the flow through the unit is lam- 
inar, that is, relatively free of disturb- 
ances, the obtaining of samples that 
indicate the degree of treatment is rela- 
tively simple. 

If, on the other hand, the contents of 
the treatment tank are subjected to con- 
tinuous mixing resulting in a homogene- 
ous mixture, the sampling of the influent 
and effluent in order to measure accu- 
rately the effectiveness of treatment 
becomes involved. 

Due to the considerable number of 
samples which must be taken, the fol- 
lowing procedure was developed on a 
mathematical basis to provide a method 
to accurately measure the effectiveness 
of treatment. By utilizing this pro- 
cedure, fewer samples are required and 
a more accurate measurement can be 
obtained. 


Mathematical Analysis 


It is assumed that a treatment tank 
of volume, V, is subjected to continuous 
mixing and has an equal rate of inflow 
and outflow. 


din = = 


At time T = 0, the tank is full of a 
homogeneous liquid of unknown com- 
position. At 7’ =0 the sampling of 
the influent liquid is begun. At any 
time, 7 =t, after the beginning of 
sampling, the volume of sampled liquid, 
X, added to the tank will be X = gt. 


*Presently, Sanitary Engineer, Chicago 
Pump Company. 


The volume of sampled liquid in the 
tank is indicated by S, the volume of 
sampled liquid in any part of the tank, 


AV, will be AV. 


If a small volume, AP, of the tank 
contents leaves the tank, the volume of 
sampled liquid in the volume AP will be 
S 
AP. 

During the time that this volume of 
sampled liquid leaves the tank, a vol- 
ume equal to AP of sampled liquid en- 
ters the tank so that the net change in 
volume of sampled liquid in the tank 
will be 


AS S 
AP V 


As P approaches zero, the instantane- 
ous rate of change of S with respect to 
P is obtained. 


ds _ S 
dp V 
ds 
V 
Let 

S 

f V 
df =— —ds 
ds = — Vdf 
Vdf 


1347 


Re 
id 
ae} 4. 
( 
= 


1348 


Solving this differential equation yields 


P=VInf+K 


S 
Vin(i >) + K 


If P = 0 when sampling is begun, K 
= 0, and P = X. 


Then x = N, the number of tank 


P 


displacements since the beginning of 
sampling at JT = 0, and 


N = In (3) 


S . 

y xX 100 = percentage of sampled liq- 

uid in the total volume, V, 
of the tank. 


The percentage of sampled liquid in the 
tank at any time after start of sampling 
is 

100 — 1) 


eN 


This equation is solved for various 
values of N: 


N Per Cent 
1 63 
2 86 
3 95 
4 98 
5 99 
6 —100 
Example 
A 10,000-gal. tank is filled with un- 
sampled liquid. Liquid enters and 


leaves the tank at a rate of 1,000 g.p.d. 
The tank undergoes continuous mixing 
so that at any time the content is homo- 
geneous. 

The displacement (or detention time) 
of the tank is 


If at T = 0, the influent liquid is be- 
gun to be sampled, at 7’ = 10 days or 
N = 1, 63 per cent of the tank volume 
will consist of sampled liquid. At T 
= 30 days, N = 3, 95 per cent of the 
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tank volume, as well as the effluent, 
will consist of sampled liquid. As the 
sampling duration is increased, the per- 
centage of sampled liquid in the effluent 
approaches 100 per cent, asymptoti- 
cally. 

Application 


This method is applicable to any 
flow-through process in which the treat- 
ment tank contents are homogeneous. 

In a tank with a detention time of 
several days or weeks, such as a digester 
of homogeneous content, this method 
can be employed for accurately deter- 
mining the volatile solids destruction. 

In order to obtain meaningful results, 
the following data should be obtained 
daily for three displacement periods: 

1. Volume of raw sludge added. 

2. Total solids added. 

3. Volatile solids added. 


The multiplication factors for the three 
displacements are: 


Ist 0.10 
2nd 0.24 
3rd 0.66 


After raw sludge has been sampled for 
three displacement periods, a digester 
survey to determine the total solids and 
the volatile solids contents of the di- 
gester should be made. 

The difference between the weighted 
average of the volatile solids added 
during the three displacement periods 
and the volatile contents of the digester 
at the end of three displacements gives 
the volatile solids destroyed. 


Example 

If 200 lb. of volatiles are added during 
the first displacement, 400 lb. during the 
second, and 300 lb. during the third, 
the sludge in the digester at the end of 
the third displacement would contain 
the following amount of volatile solids 
if there was no destruction. 


200 lb. X 0.10 = 20.0 lb. 
400 lb. X 0.24 = 96.0 lb. 
300 lb. & 0.66 = 198.0 lb. 

Total = 314.0 lb. 


V 10,000 gal. 
T = — = ——— — = 10 days 
q 1,000 g.p.d. 
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If the digester contains 170 lb. of 
volatile solids at the end of three dis- 
placements, the destruction is 


314 lb. — 170 lb. = 144 lb. 


The solids added can be obtained by 
keeping a record of the volume of sludge 
pumped and analyzing samples of this 
sludge for total and volatile solids. 
Calculations would be: 


Pounds volatile solids added = gallons 
pumped X 8.33 lb. 
y Per cent total solids 
100 
yg Per cent volatile solids 
100 


Pounds volatile solids in digester 
volume of digester (gal.) X 8.33 
per cent total solids 
100 
y Per cent volatile solids 
100 
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If the detention time of the treatment 
unit is of relatively short duration, such 
as a preaeration unit, the method can be 
modified. For example, it is desired to 
determine the B.O.D. removal accom- 
plished in a preaeration tank. Influent 
samples are collected separately for 
three displacement periods. At the 
end of three displacements, a sample of 
the effluent is taken. The three influ- 
ent samples should be volumetrically 
composited. If the total volume of the 
samples is assumed to be unity, it 
should be made up as follows: 


0.10 volume from the first displace- 
ment. 

0.24 volume from the second dis- 
placement. 

0.66 volume from the third displace- 
ment. 


By determining the B.O.D. of this 
composited influent sample, and the 
B.O.D. of the effluent sample, the 
effectiveness of treatment may be ac- 
curately determined. 


F. J. Van Antwerpen, Secre- 


Missouri Water and Sewage Works Training Courses, Uni- 


Professor L. T. Murphy, 


College of Engineering, University of Missouri, Columbia, Mo. 


American Society of Civil Engineers, Sherman Hotel, Chicago, 
W. H. Wisely, Executive Secretary, 33 West 39th St., 


Fourth Nuclear Engineering and Science Conference, Inter- 


Annual Pennsylvania Clean Streams Conference, Penn-Harris 


Pennsylvania State Chamber of Com- 


Dee. 8-11 

Conrad Hilton Hotel, 

tary, 25 West 45th St., New York, N. Y. 

1958 

Jan. 27-31 

versity of Missouri, Columbia, Mo. 
Feb. 26-28 

Ill. 

New York 18, N. Y. 
Mar. 17-21 

national Amphitheatre, Chicago, Ill. 
Apr. 18 

Hotel, Harrisburg, Pa. 

merce, Harrisburg, Pa. 
Apr. 20-25 American Water Works Association, Dallas, Texas. 


Harry E. 
Jordan, Secretary, AWWA, 2 Park Ave., New York 16, N. Y. 
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ACTIVATED SLUDGE CULTURES DEVELOPED ON 
PURE ORGANIC COMPOUNDS 


3y RicHarp S. ENGELBRECHT AND Ross E. McKINNEy 


Respectively, Research Assistant Professor of Sanitary Engineering, University of Illinois, 
Urbana, Ill., and Assistant Professor of Sanitary Engineering, Manssachusetts Institute 


of Techno 


In recent years there has been an 
increasing interest in the metabolism 
of pure organic compounds by biologi- 
cal waste disposal methods. It is be- 
lieved by many investigators that not 
only will such information contribute 
valuable fundamental knowledge re- 
garding the biochemistry of biological 
systems having a heterogeneous popula- 
tion, but will also be useful in evalu- 
ating the treatability of various indus- 
trial wastes. 

One of the first investigations made 
using a pure organic compound was 
that carried out by Ruchhoft and his 
co-workers in 1940 (1)(2). While 
studying the metabolism of glucose by 
activated sludge, they made a number 
of important observations, one of wich 
was the significance of acclimation. 
Since then there have been a number 
of studies made which showed that 
period of acclimation or adaptation 
was necessary for optimum efficicney of 
biological systems (3) (4) (5) (6) 

From research on the utilization of 
various organie substrates by activated 
sludge, Placak and Ruchhoft (3) con- 
eluded that the rate of biochemical 
change was a function of the individual 
compound rather than of the class to 
which the compound belonged. Later 
Mills and Stack (7), using acclimated 
non-flocculent aerating cultures, found 
that biological oxidation of pure com- 
pounds was related to the chain struc- 
ture, molecular size, and the functional 
groups present in the molecule. The 
significance of chemical structure as re- 
lated to acclimation and metabolism 


logy, Cambridge, Mass. 


has also been observed by other investi- 
gators (8) (9). 

The data presented here are part 
of a study made on the energy relation- 
ships in activated sludge cultures. 
However, this paper is concerned only 
with the relationship that exists be- 
tween the predominating organisms in 
activated sludge, the chemical strue- 
ture of the organic substrate, and the 
pathway through which it is metab- 
olized. 


Laboratory Procedures 


Activated sludge systems were de- 
veloped in the laboratory using pure 
organic compounds as the sole source 
of energy. Sufficient inorganic salts 

to the organic substrates 
to produce a nutritionally balanced 
system for the optimum production of 
protoplasm. The organic compounds 
chosen for study were based on the 
three major groups of organie com- 
pounds found in sewage—carbohy- 
drates, proteins (amino acids), and 
fats (organic acids). The organie com- 
pounds and their empirical formulae 
are listed in Table I. 

The laboratory activated sludge units 
were operated on a fill-and-draw basis, 
using 1.5-l. tubes. The systems were 
maintained in a constant temperature 
water bath at 20° C. Each unit was 
initially started with 1.4 1. of substrate 
containing 333 mg. of organics per liter 
and 100 ml. of settled domestic sewage 
for seed microorganisms. Air was sup- 
plied to the unit by compressed air at 
10 p.s.i. through a earborundum dif- 


were added 
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TABLE I.—Pure Chemical Compounds Used 
to Develop Activated Sludges 


Carbohydrates: 
Pentose: 
Arabinose 
Xylose 
Hexose: Monosaccharides 


Glucose 
Galactose 
Mannose 


Hexose: Disaccharides Cy2H»On 
Sucrose (Glucose-Fructose) 
Maltose (Glucose-Glucose) 
Lactose (Glucose-Galactose) 


Amino Acids: 

Glycine: CH.NH.-COOH 

Alanine: CH;-CHNH,-COOH 

Valine: (CH;).-CH-CHNH:-COOH 

Leucine: (CH;)2-CH-CH,-CHNH,-COOH 

Threonine: CH;-CHOH-CHNH:-COOH 

Glutamic Acid: COOH-CH,-CH,-CHNH:- 
COOH 

Phenylalanine: CsH;-CH:-CHNH.-COOH 

Tryptophane: CsH;NH-CH.-CHNH:- 
COOH : 

Arginine: 
CHNH,-COOH 

Methionine: 
COOH 

Organic Acids: 

Formic Acid: HCOOH 

Acetic Acid: CH;-COOH 

Valeric Acid: CH;-CH,-CH,-CH.-COOH 

Caproic Acid: CH;-CH,.-CH2-CH,-COOH 

Heptanoic Acid: 
CH,-COOH 

Benzoic Acid: CsH;-COOH 


fuser. The air was not measured or 
controlled beyond supplying sufficient 
air to always maintain the activated 
sludge in suspension. Previous labora- 
tory studies had shown that such aera- 
tion provided more oxygen than could 
be transferred or used with these or- 
ganic concentrations. 

The activated sludge systems were 
allowed to aerate for 23 hr., after which 
0.5 1. of the mixed liquor was wasted. 
The remaining 1.0 1. of mixed liquor 
was allowed to settle for 1 hr. and 0.5 
1. of the supernatant was drawn off 
and disearded. One liter of fresh sub- 
strate containing 333 mg. of organics 
was added to each unit and aeration 
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was started. Thus, the units were op- 
erated so that one-third of the sludge 
was wasted at each feeding; this main- 
tained the microbiological population 
in an active state. The low organic 
content of the substrate at the start 
of the aeration period, approximately 
222 mg. per liter, insured rapid utiliza- 
tion of the organic matter. 

After 15 days operation, hourly sam- 
ples of the mixed liquor were with- 
drawn for analysis, beginning with the 
23rd-hr. sample on the 15th day and 
continuing through the 8th hour of 
aeration after feeding. The suspended 
or biological solids in the mixed liquor 
were determined by the membrane fil- 
ter technique described by Engelbrecht 
and McKinney (10). The filtrate was 
collected and analyzed for 5-day B.O.D. 
and dichromate chemical oxygen de- 
mand (C.O.D.) in accordance with 
‘‘Standard Methods’’ procedures (11). 

All of the substrates were soluble 
and readily passed through the mem- 
brane filter unless adsorbed or metab- 
olized by the activated sludge. Thus, 
these techniques provided a good meas- 
ure for determining the change in 
solids due to both adsorption and 
metabolism, and the unmetabolized sub- 
strate. These analyses were repeated 
after 23 days of operation to deter- 
mine the effect of additional acclima- 
tion to the individual organie com- 
pounds. There were no changes in 
metabolism between runs on the 15th 
day and the 23rd day. 


Biochemical Changes 


Because of the similarity of the bio- 
chemical changes that occurred in 
many of the activated sludge systems, 
only a few of the more representative 
systems will be shown graphically. 
These data are shown in Figures 1 
through 7 and indicate only the 
changes that occurred during the 8-hr. 
aeration period following feeding. Be- 
cause many of the systems were still 
in an active state of metabolism at the 
end of this period, a more complete 


ran 
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table showing the changes after 23 hr. sugar, on the 16th and 23rd days fol- 
of aeration is included for all of the lowing the initiation of the culture are 
systems studied. These data are shown shown in Figures 1 and 2. The data 
in Table II. Photomicrographs were for both days were similar in that the 
taken of the sludge developed in each maximum solids concentration occurred 
culture in order to have a permanent after 6 hr. of aeration, while most of 
record; however, only a brief descrip- the xylose was removed from solution 
tion of them will be presented in this during this same period. The sludge 
discussion. of this culture was found to be very 

The carbohydrates studied included dense, with many bacteria at the pe- 
arabinose, xylose, glucose, mannose, riphery. Filamentous type organisms 
fructose, galactose, lactose, maltose, were not observed. The biochemical 
and sucrose. The biochemical changes changes and sludge appearance for the 
that ocurred with xylose, a pentose system developed on arabinose, another 


TABLE II.—Biochemical Data on Various Activated Sludge Systems 
After 23 Hr. of Aeration 


16th Day 23rd Day 


| | | 


Substrate Mixed Effluent Solids B.O.D Mixed | Effluent | Solids | B.O.D. 
Liquor 5-Day Increase Reduc- Liquor 5-Day Increase Reduc- 
Solids B.O.D per Day tion Solids B.O.D per Day | tion 
(mg./1.) | (mg./1.) | (mg./1.) (%) (mg./l.) | (mg./1.) | (mg./L) (%) 


(a) CARBOHYDRATES 


Arabinose 97 

Xylose } — - | — 234 3.1 78 98 
Glucose 28 | 25 | 10 | 98 | — | — — — 
Galactose |} 260 | 2.5 87 | 98 | — | — — — 
Mannose | 266 1.2 89 99 
Fructose 3.7 gl | 97 — 
Sucrose 388 | 6.2 129 | 95 | 388 — 129 — 
Maltose | 250 3.7 83 98 
Lactose | 312 3.2 | 104 95 

(b) Amino Acips 
Glycine | 124 | 62 | 41 | 93 144 _— 48 — 
Alanine | 220 | 5.0 73 | #97 #+‘'| 244 5.6 81 96 
Valine | 318 1.3 106 99 | 312 0.6 104 99 
Leucine 440 3.7 147 99 | 434 5.6 144 98 
Threonine 214 13 71 91 | 214 4.3 71 98 
Glutamie Acid | 178 8.1 59 | 95 | 204 6.8 68 96 
Phenylalanine | 376 1.3 125 | 99 388 2.5 113 99 
Tryptophane | 288 | 1.9 96 | 99 298 19 |; 99 99 
Arginine | 238 | 87 79 94 | 234 | 10 | 71 94 


Methionine 


Formic Acid | 60 | 21 2]; — | 52 1.2 | 17 95 
Acetic Acid } 230 | 1.2 ae 99 | 214 1.9 | 71 99 
Valeric Acid | 376 2.5 | 125 99 348 5.6 | 116 98 
Caproic Acid | 458 | 25 | 153 | 99 | 464 6.8 155 98 
Heptanoic Acid | 530 3.1 | 177 | 99 | 494 3.1 165 99 
Benzoic Acid | 370 | 12 1 123 | 99 | 340 | 1.9 | 13 | 99 


2 
(c) Oreanic Acips 
— 
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FIGURE 1.—Biochemical changes with aeration in an activated sludge unit fed 
333 mg. per liter of xylose. 
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FIGURE 2.—Biochemical changes with aeration in an activated sludge unit fed 
333 mg. per liter of xylose. 
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FIGURE 3.—Biochemical changes with aeration in an activated sludge unit fed 
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FIGURE 4.—Biochemical changes with aeration in an activated sludge unit fed 
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pentose sugar, were identical to that of 
the xylose system. 

Figure 3 shows the changes which 
occurred in the glucose culture on the 
16th day following initiation of the 
culture. Essentially, all of the glucose 
had been removed from the solution 
and the maximum sludge mass had 
been reached after 3 hr. of aeration. 
The sharp decrease in solids that fol- 
lowed has been shown to be the result 
of metabolizing the glucose absorbed 
into the microorganisms in the solids. 
The changes that occurred with fruc- 
tose as the organic substrate (Figure 
4) were similar to those found for 
glucose. The sludges of both cultures 
were similar in appearance in that both 
showed the predominance of a large 
filamentous type organism. 

The data for the lactose and sucrose 
cultures are shown in Figures 5 and 6 
for the 23rd day after initiation of the 
culture. The biochemical changes in 
these two cultures showed a striking 
similarity in that practically all of the 
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organic substrate was removed and the 
maximum solids concentration was 
reached by the third hour. The 
sludges developed in these two systems 
were found to be different in appear- 
anee. The lactose sludge consisted 
largely of a filamentous type organism 
while the sludge of the sucrose culture 
was made up predominantly of bac- 
teria, existing either in clumps or as 
individual cells. These bacterial cells 
possessed a large amount of capsular 
material. 

The amino acids studied were se- 
lected so that there was at least one 


representative from each chemical 
class. Included were glycine, alanine, 
valine, leucine, threonine, arginine, 


glutamic acid, methionine, phenylala- 
nine, and tryptophane. In general, the 
biochemical changes that occurred in 
these cultures were similar to those 
shown for the carbohydrates, while 
the morphological appearances of the 
sludges were quite different. 

Figure 7 shows the changes that oc- 
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FIGURE 5.—Biochemical changes with aeration in an activated sludge unit fed 
333 mg. per liter of lactose. 
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FIGURE 7.—Biochemical changes with aeration in an activated sludge unit fed 


333 mg. per liter of arginine. 
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curred in the arginine culture on the 
16th day following initiation. After 
an aeration period of 6 hr., the maxi- 
mum solids concentration had been ob- 
tained and essentially all of the B.O.D. 
had been removed, whereas approxi- 
mately 100 mg. per liter of C.O.D. re- 
mained. Although the data are not 
presented in Table II, 82 mg. per liter 
of C.O.D. remained in solution even 
after 23 hr. of aeration. The sludge 
mass in this culture was dense with a 
thin filamentous type organism present. 

Activated sludge cultures were also 
developed on the following organic 
acids—formiec, acetic, valeric, caproic, 
heptanoic, and benzoic. With the ex- 
ception of formie acid, all of the cul- 
tures presented the usual biochemical 
changes in relation to time. The 
formic acid culture never became ac- 
climated to the feed mixture during the 
23 days of operation. At first there 
was a drop in pH in the culture to 4.8. 
Even after this was corrected, there 
was a definite toxicity present. Photo- 
micrographs of the sludges developed 
on all the individual organic acids 
showed that the predominating organ- 
isms were morphologically different in 
each culture. 

Table II shows the concentration of 
mixed liquor suspended solids and the 
amount of synthesis and B.O.D. re- 
moved for all of the activated sludge 
cultures after 23 hr. of aeration. With 
the exception of the cultures developed 
on methionine, all of the cultures 
showed at least 90 per cent B.O.D. re- 
moval on both the 16th and 23rd days. 
In the case of the methionine culture, 
38 and 50 per cent of the B.O.D. were 
removed on the 16th and 23rd days, 
respectively, after an aeration period 
of 8 hr. Thus, although the rate of 
B.O.D. removal was increasing, there 
was some factor present which inter- 
fered with the rapid removal of methio- 
nine from solution. 


Nitrogen Balances 


Complete nitrogen analyses were 
made on each activated sludge system 
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in order to establish a nitrogen balance 
as a check on the mass-organic matter 
balance. After the biological solids 
had been separated from the liquid 
phase by membrane filtration, the 
solids were dried and analyzed for 
total nitrogen. The filtrate was then 
analyzed for nitrites and nitrates, as 
well as for total nitrogen. In order to 
minimize the effect that nitrogen com- 
pounds adsorbed to the sludge might 
have, sludge was collected at the end 
of the aeration period (23 hr.) from 
each culture for analysis. 

The nitrogen balances which were 
established for the various activated 
sludge cultures are shown in Table III. 
Since nitrite and nitrate nitrogen were 
not found, the balances have been set 
up using only the decrease in total ni- 
trogen of the membrane filtrate and the 
nitrogen utilized in the formation of 
new biological solids. Regarding the 
nitrogen content of the biological 
solids, Porter (12) has pointed out 
that the total Kjeldahl nitrogen anal- 
ysis does not quantitatively determine 
all forms of nitrogen, but gives results 
of only about 85 per cent of the total 
nitrogen present in the form of cellular 
protoplasm. Therefore, the total ni- 
trogen values determined for the bio- 
logical solids were adjusted on the basis 
of 85 per cent recovery. 

It can be seen from Table III that, 
in the majority of the systems, the loss 
of nitrogen in the liquid phase ex- 
ceeded that used for the synthesis 
of cellular material. The difference 
ranged from 0.7 to 12.0 mg. per liter. 
In those cultures where the amount 
of nitrogen used for synthesis exceeded 
the decrease of nitrogen in the liquid 
phase, the differences were all within 
experimental error. 

Since the apparent loss of total ni- 
trogen from the aeration systems was 
not a result of nitrification, two aera- 
tion studies were made using only the 
base inorganic salt solution to which 
50 and 100 mg. per liter of ammonia 
nitrogen were added. Ammonia nitro- 
gen determinations were made at vari- 
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TABLE III.—Nitrogen Balances 
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of the Activated Sludge Cultures 


| 23rd Day 


16th Day 
Substrate Decrease in Increase in 
Total-N of | Total-N of 
Filtrate | Solids 
(mg./l.) |  (mg./1.) 

Fructose 8.4 7.6 
Galactose 9.6 8.9 
Glucose 11.0 9.1 
Lactose 
Maltose 
Mannose 11.0 9.2 
Xylose 
Alanine 15.3 3. 
Arginine 11.0 7.6 
Glutamic Acid 12.5 6.0 
Glycine 12.6 | 3.0 
Leucine 17.6 17.8 
Methionine | 6.5 
Phenylalanine 21.8 | 11.8 
Threonine 16.8 | 7.6 
Tryptophane 13.3 9.4 
Valine 19.7 | 12.2 
Acetic Acid 88 | 81 
Benzoic Acid 12.9 13.3 
Caproie Acid 18.1 | 13.8 
Heptanoic Acid 17.4 19.8 
Valeric Acid 13.7 | 12.0 


ous intervals during a 24-hr. aeration 
period. The rate of aeration was ap- 
proximately the same as that used for 
the activated sludge cultures. These 
data are shown in Table IV. During 
the 24-hr. period, a total of 15.1 mg. 
per liter of NH3—N was lost from the 
solution containing an initial 50 mg. 
per liter of NH3—N, while the 100 mg. 
per liter solution lost 14.8 mg. per liter 
of NH;-N. From this study, it ap- 
peared that nitrogen could be stripped 


TABLE IV.—Nitrogen Changes During Aera- 
tion of Inorganic Media Containing 50 
and 100 mg. of NH;-N per Liter 


= 
50 mg./l. NHi-N 


| 100 mg./l. NHa-N 


Time | 
(br.) | TH-N| Loss 
| (mgr) | (men) pH pH 
0|492| — |84] 98.9 | — | 8.55 
4 | 462] 20] — 
94.5 | 44 
24 | 34.1 | 15.1 |8.3 | 84.1 | 14.8 | 8.45 


Decrease in 


Increase in | 
Difference Total-N of | Total-N of Difference 
(mg./1.) Filtrate Solids | (mg./1.) 
| (img./L) (mg./1.) 
os | 
0.7 - 
1.9 . 
13.5 5.0 
8.8 6.5 2.3 
1.8 
— 7.1 6.4 0.7 
12.1 14.4 | 5.3 9.1 
34 | 90 | 68 2.2 
6.5 12.9 7.1 5.8 
96 | 8.5 3.7. | 4.8 
+0.2 18.2 16.7 | 1.5 
46 | 9.3 5.0 | 1.3 
10.0 15.2 Ca 4.9 
3.9 | 11.9 | 9.8 21 
76 | wa | 11.8 6.4 
0.9 | 9.0 7.5 1.5 
+04 | 176 | 12.0 5.6 
4.3 4.8 | 15.1 
+2.4 19.2 | 16.6 2.6 
1.7 ws. | 116 5.7 


from solution by aeration and that the 
amount lost was independent of the 
NH;-N concentration up to 100 mg. 
per liter. 

Discussion 


The activated sludge process is op- 
erated on the basis of aerating the 
liquid waste in the presence of floec- 
culated organisms, separating the floc- 
culated organisms from the waste by 
sedimentation, and returning a portion 
of the settled organisms back to the 
aeration tank for seeding purposes. 
Thus, with prolonged operation, the or- 
ganisms become acclimated to the 
waste material and, as a result, the 
most efficient organisms tend to pre- 
dominate. The importance of acclima- 
tion is widely recognized at the present 
time. 

In this study, activated sludge ecul- 
tures were developed on different pure 
compounds using settled sewage as the 
source of seed. After an acclimation 
period of either 16 or 23 days, bio- 
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chemical analyses were made on the 
various cultures. Since it was believed 
that the biochemical changes taking 
place in each culture were related to 
the types and metabolic activities of 
the organisms present in the floc, pho- 
tomicrographs were also taken of the 
different sludges. 

Study of all the photomicrographs 
showed that the microscopic appear- 
ance of many of the sludges were simi- 
lar, while others were quite different. 
In many of the cultures where similar 
sludges were observed, there was a 
structural relationship between the or- 
ganic compounds upon which the cul- 
tures were developed. The biochemical 
changes which occurred in these cul- 
tures also showed a similar pattern. 
This was shown in the carbohydrate 
cultures where the hexose monosac- 
charides (glucose and fructose) and 
the hexose disaccharide (lactose) all 
had the same general appearance, 1.e. 
small clumps of bacteria with large 
masses of a filamentous organism. Al- 
though the cultures developed on man- 
nose and maltose are not reported here, 
they were also found to be similar both 
in their biochemical changes and mor- 
phological appearance. In this respect 
the pentose cultures (xylose and arabi- 
nose) were also similar as a group; 
however, the appearance of the sludges 
of these two cultures differed consider- 
ably from that of the hexose cultures. 


Carbohydrates 


Biochemically, the disaccharides are 
related to the monosaccharides in that 
both are metabolized by the same path- 
way after hydrolysis of the disac- 
charide to the monosaccharides. Thus, 
the organisms which were best able to 
metabolize the monosaccharides were 
found to be of the same type which 
were best able to utilize the disac- 
charides. Therefore, similar metab- 


olism and similar organism predomina- 
tion yielded sludges of similar appear- 
ances. 

Like all 


biochemical phenomena, 
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there was an exception to this condi- 
tion. Sucrose is a disaccharide which 
hydrolyzes to yield two monosac- 
charides (glucose and fructose). How- 
ever, the sludge fed sucrose did not 
have the same characteristics of the 
sludges developed on either glucose or 
fructose. Instead, the sludge was made 
up predominantly of bacteria which 
possessed a large amount of capsular 
material. Since sucrose is readily at- 
tacked by certain members of the genus 
Leuconostoc with the production of 
dextrans, a slimy polysaccharide, it is 
entirely possible that this was the pre- 
dominating organism. Thus, the dif- 
ference in appearance of the sludge 
was due to a different organism pre- 
domination which in turn was related 
to either a metabolic factor or the en- 
vironmental conditions of the system. 

Where the sludges had a different 
morphological appearance, it could 
usually be related to a difference in the 
chemical structure of the various com- 
pounds. In all probability the chemi- 
eal structure of the compound being 
stabilized affects predomination as it 
affects the metabolic pathways of the 
organisms in the system. This was 
seen in the monosaccharides where both 
hexoses and pentoses were studied. 
The structural difference between the 
hexoses and pentoses lies in one less 
CH.O group in the pentoses than in 
the hexoses. The one less carbon group 
in the pentoses causes them to follow 
a different metabolic pathway than the 
hexoses, and results in a predomination 
of an entirely different group of organ- 
isms. This same phenomenon was also 
apparent in the sludges developed on 
the fatty acids, where a difference of a 
CHe group accounted for a difference 
in predomination of organisms and re- 
sultant sludge appearance. 

Most of the amino acid cultures 
showed similar biochemical changes. 
Appearances of the sludges were all 
different, some more so than others. 
This can be explained by considering 
the fact that the amino acids studied 


| 
Pepi 
abet 
: 
bes 
a. 


1360 


were selected because of their struc- 
tural difference. 


Amino Acids 


Of the amino acids studied, the bio- 
chemical changes which oceurred in the 
arginine culture were of particular in- 
terest. From the data, it appeared 
that arginine was broken down with 
the valerie acid fraction being com- 
pletely oxidized and the guanidine 
fraction being completely hydrolyzed. 
This can be shown by first considering 
the equation for the complete oxidation 
of arginine: 


H,N-C (NH 
CH(NH,)-COOH + 540, 


According to this equation, the theo- 
retical amount of oxygen required for 
the 333 mg. per liter of arginine in the 
feed would be 337 mg. per liter. This 
checked with the 342 mg. per liter 
which was actually determined. There- 
fore, the residual C.O.D. remaining 
after 8 hr. of aeration indicated that 
some fraction of the arginine molecule 
was not being biologically attacked or 
that this fraction was being metabo- 
lized at a slower rate. Although Fig- 
ure 7 indicates data for only 8 hr., 
analyses were also made after 23 hr. of 
aeration. This data indicated a de- 
crease in C.0.D. of 245 mg. per liter. 
Since the complete oxidation of the 
valerie acid fraction of arginine would 
theoretically require 225 mg. per liter 
of oxygen, it would appear that the 
nonutilizable fraction remaining from 
the metabolism by activated sludge was 
guanidine. 

Speculation as to the metabolism 
leads to the conelusion that the micro- 
organisms attacked the acid fraction of 
the arginine molecule and were stopped 
by the nitrogen atom in the straight- 
chain portion between carbons 5 and 
6. This observation agrees with the 
work reported by Mills and Stack (7). 
They found that atoms other than car- 
bon atoms in the chain of an organic 
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molecule often interfered with aerobic 
biological oxidation. 

Additional evidence of this was in- 
dicated in the methionine culture. In 
this culture, the C.O.D. remaining in 
solution after 23 hr. of aeration was 
70 and 57 mg. per liter for the 16th 
and 23rd days, respectively. Consid- 
ering this, along with the B.O.D. data 
in Table II and the fact that 38 per 
eent of the B.O.D. was removed on the 
16th day while 50 per cent was re- 
moved on the 23rd day following 8 hr. 
of aeration, it is apparent that the eul- 
ture was still undergoing acclimation. 
This may be related to the structural 
formula for methionine, which has a 
sulfur atom between the 4th and 5th 
carbon atoms. 

The results presented in Table II are 
comparable to the biochemical data re- 
ported by both Ruchhoft et al. (2) on 
the removal of glucose, and Placak and 
Ruchhoft (3), who studied various 
pure compounds. In their studies, ac- 
tivated sludge cultures with approxi- 
mately 2,000 mg. per liter of mixed 
liquor solids were used. The amount 
of organic matter fed each of their 
cultures was greater than the amount 
fed to the cultures reported in this 
study. Even though these differences 
existed, the per cent B.O.D. removal 
presented in Table II are similar to 
those found in the previous studies 
(2)(3). In considering the rate of 
B.0O.D. removal, this study substanti- 
ates the conclusion drawn by Placak 
and Ruchhoft (3) that the rate of bio- 
chemical change was a function of the 
individual compound rather than the 
class to which the compound belonged. 
It was also interesting to note that all 
of their cultures developed on carbohy- 
drates, with the exception of xylose, 
showed the presence of a filamentous 
organism which they identified as 
Sphaerotilus natans. The only carbo- 
hydrate culture in this study that did 
not agree with this observation was 
that developed on sucrose, which 
showed a sludge made up predomi- 
nantly of capsulated bacteria. 
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Nitrogen 


Regarding the loss of nitrogen dur- 
ing aeration, it appeared quite prob- 
able that the failure to obtain satisfac- 
tory nitrogen balances in the activated 
sludge systems was related to the strip- 
ping of nitrogen from solution by aera- 
tion. While it was true that aeration 
of the salt solution alone resulted in a 
loss of about 15 mg. per liter of NH3—-N 
and the activated sludge systems 
showed only a 1.0 to 7.0 mg. per liter 
loss, this apparent discrepancy could 
be attributed to certain physical and 
biochemical characteristics of the ac- 
tively metabolizing sludges. 

In considering the range of 1 to 7 
mg. per liter of nitrogen lost in the 
cultures, mention should be made of 
the pH of these cultures. The pH of 
the carbohydrate and organic acid cul- 
tures ranged from 7.8 to 8.5 while the 
pH of the amino acid cultures varied 
from 8.3 to 8.65. These higher values 
in the case of the amino acid cultures 
were probably the result of deamina- 
tion which caused the release of am- 
monia nitrogen. Because of the higher 
pH, more nitrogen appeared to be lost 
in the amino acid cultures during the 
aeration period than in the carbohy- 
drate and organic acid cultures. 

These results are somewhat in con- 
trast to those reported by Heukelekian 
and Littman (13). Using activated 
sludge cultures, they found that their 
nitrogen balances, based on _ several 
analyses made over a 24-hr. aeration 
period, varied from — 1.6 to + 7.1 per 
cent of the initial total nitrogen value. 
However, in a recent study on the bio- 
logical oxidation of amines, Mills and 
Stack (6) found in setting up nitrogen 
balances that the loss of nitrogen in 
their cultures was as high as 85 per 
cent. They presumed that this loss or 
release of nitrogen was as nitrogen gas. 


Summary 
The results of these laboratory 
studies, using acclimated activated 


sludge cultures developed on pure or- 
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ganic compounds, indicated the follow- 
ing: 


1. Activated sludges developed on 
structurally related chemical com- 
pounds had similar morphological ap- 
pearances and produced similar bio- 
chemical changes. 

2. The chemical structure of the or- 
ganic matter fed to activated sludge 
was found to be the controlling factor 
in predomination of microorganisms 
and in the biochemical changes when 
all environmental factors were con- 
stant. 

3. The activated sludge culture de- 
veloped on arginine indicated that 
there was a grouping in the chemical 
structure of the molecule which pre- 
vented it from being completely metab- 
olized. 

4. Activated sludges developed on 
chemical compounds which were struc- 
turally different were found to have 
sludges which were morphologically dif- 
ferent. Because these cultures showed 
similar biochemical changes, the most 
efficient organisms predominated and 
these in turn were determined by the 
metabolic pathway through which the 
compound was attacked. 

5. The loss of nitrogen during aera- 
tion of activated sludge cultures pre- 
cluded the development of accurate ni- 
trogen balances. 
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MEN ON THE MOVE 


Never before have men moved as 
much as today. A report from the 
McGraw-Hill Publishing Company 
states that over a 12-month period 565 
out of every 1,000 key men in industry 
are on the move. A total of 343 new 
faces appear, 65 change titles, 157 
shift, and 435 stay put. 

Keeping track of men on the move 
is a big continuing job for any publica- 
tion. We of SEWAGE AND INDUSTRIAL 
WastTEs would be grateful if our read- 
ers would take just a minute to let us 
(and their Member Association secre- 
taries) know whether or not the ad- 
dress which brought this issue is cor- 
rect. 


Particularly important at this time 
of year is for Member Association 
members to check and be certain they 
have notified their Member Associa- 
tion secretaries and the Federation of- 
fice as to their correct title, employer, 
address, and spelling of name if any 
change has been made during the last 
year or two. The listings for the com- 
plete biennial directory of Member As- 
sociation membership (March, 1958 is- 
sue of the Journal) close on December 
31, 1957 for all paid-up members of 
record as of the year’s end. 

If you 
Many thanks. 


have made a move let us 


know. 
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Industrial Wastes 


CHEMICAL-TYPE COKE PLANT SOLVES WASTE 
PROBLEMS BY COOPERATIVE EFFORTS * 


By S. Savage 


Vice-President, Donner-Hanna Coke Corporation, Buffalo, N. Y. 


In June, 1917, Donner-Union Coke 
Corporation was formed as a corporate 
partnership by the Buffalo Union Fur- 
nace Company which operated three 
small blast furnaces on the Buffalo 
River, and the Donner Steel Company 
which operated a small integrated steel 
plant with two blast furnaces, located 
approximately a mile further up- 
stream. Both plants were then using 
Beehive Coke from Northern Pennsyl- 
vania to make iron in their furnaces. 

World War I (1917) brought a great 
need for chemical products of coal, par- 
ticularly for toluol which was urgently 
needed for the production of T.N.T., 
for benzol to make picrie acid, and for 
ammonia which was needed for pro- 
ducing nitric acid and fertilizer. ‘ Con- 
gress authorized the Ordnance Depart- 
ment of the U. 8. Army to build chemi- 
eal-type coke plants where Beehive 
coke was being used, and to lease these 
to industry with options to buy the 
plants after the war was over. 

The new Donner-Union Coke Cor- 
poration had acquired 54 acres of 
swampy land behind Donner Steel 
Company in Buffalo, which was leased 
to the Government, and in 1918 the 
construction of a 150-oven coke plant 
was started. The Koppers Company of 
Pittsburgh was given the contract, and 
the construction was under the joint 
direction of the Ordnance Department 
and the Donner-Union Coke Corpora- 

*Presented at the Spring Meeting, New 


York Sewage and Industrial Wastes Assn.; 
Lake Placid, N. Y.; June 17-18, 1957. 
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tion engineers. The war was over be- 
fore the plant was finished, but com- 
mitments were so great that it was de- 
cided to finish the plant and lease it to 
the coke corporation. Full title was ac- 
quired by purchase in 1935. 

Shortly after the war, the Hanna 
Furnace Corporation of Cleveland pur- 
chased the Buffalo Union Furnace 
Company and its half interest in the 
coke corporation, and the name was 
changed to Donner-Hanna Coke Cor- 
poration. This name has remained 
until the present day despite the fact 
that Donner Steel Company became 
the Buffalo Plant of Republic Steel 
Corporation in 1929. The new coke 
plant was completed in 1920 and put 
into partial operation late that year. 

The original plant consisted of 150 
Koppers cross-regenerative  vertical- 
flued ovens, carbonizing approximately 
90,000 tons of coal per month. It has 
grown to a plant consisting of 252 
ovens carbonizing 135,000 tons of coal 
per month, and producing monthly 
93,000 tons of blast furnace coke, 
1,350,000,000 ecu. ft. of gas, 1,100,000 
gal. of tar, 1,500 tons of sulfate of am- 
monia, 250,000 gal. of benzol, 50,000 
gal. of toluol, and 20,000 gal. of xylol, 
as well as Coke Breeze, Buckwheat 
Coke, naphthalene, pyridine, and at 
the present time sodium phenolate. 


Buffalo River 


Donner-Hanna Coke Corporation at 
present uses approximately 10 m.g.d. 
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of water, which is returned to the 
Buffalo River from which it is origi- 
nally pumped. Buffalo River is a 
small stream having violent fluctua- 
tions in flow. It is dredged from Lake 
Erie approximately six miles upstream 
and forms a basin containing 165,000,- 
000 eu. ft. of water. The flow in this 
stream varies from a maximum of 
27,000 c.f.s. to a summer minimum of 
approximately 20 c.f.s., and the aver- 
age summer flow is less than 100 c.f.s. 

The Buffalo River discharges into 
the Buffalo Harbor behind a breakwall 
at a point where the Niagara River, 
flowing at a mean of more than 200,000 
e.f.s., is already formed and moving 
downstream at the rate of more than 1 
m.p.h. 

The banks of the dredged section of 
the Buffalo River are lined with flour 
mills, elevators, and various manufac- 
turing plants, and at the upper end of 
the dredged section there are five large 
steel, chemical, and oil refinery plants 
including the Donner-Hanna Coke Cor- 
poration. These five plants discharge 
into the upper end of the Buffalo River 
a total of approximately 120 m.g.d. of 
water which they all pump from the 
river. It is important to note that 
in the summertime the water in the 
Buffalo River is used over and over 
by the industries along its banks. 
More than five times the flow is re- 
eyeled before it reaches the Buffalo 
Harbor enroute to the Niagara. 

In addition to the five heavy indus- 
tries at the head of the river, other 
industries use Buffalo River water and 
return waste water to the stream. 
Prior to 1938 the City of Buffalo dis- 
charged sewage equivalent to a popu- 
lation of 244,000 people to the Buffalo 
River. There is still raw sewage going 
into the river equivalent to a popula- 
tion of more than 5,000 people. Today, 
at times of heavy rainfall, relief sewers 
carrying storm water as well as raw 
sewage discharge their overflow into 
the Buffalo River without treatment. 
The City of Buffalo and all the sub- 
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urban areas, except perhaps the Town 
of Amherst, have combined storm and 
sanitary sewers, with the sewage treat- 
ment plants capable of handling only a 
reasonable increase in the normal flow. 
The City of Buffalo is fortunate in 
having its water supply inlet located 
in the Emerald Channel where the 
strong flow to the Niagara River 
carries the pure deep water of Lake 
Erie to its intake. With this tre- 
mendous advantage, and a modern 
pumping and filtration plant, Buffalo 
has an excellent public water supply. 


Early Conditions 


When the Donner-Hanna Coke Cor- 
poration was built in 1919, care was 
taken to minimize pollution by the 
standards and methods that then pre- 
vailed. Settling sumps were installed 
to remove suspended solids. The acid 
sludge from the washing of light oil 
was treated to solidify the sludge and 
recover the spent acid. Oil intercept- 
ing sumps were installed to prevent oil 
from getting into the river if leaks 
should oceur, and a small cooling tower 
was installed to keep the final cooler 
water containing small amounts of 
eyanide and phenol in a closed circuit. 

In 1927 the inerease of taste-pro- 
ducing wastes being discharged into 
Lake Erie and the Niagara River from 
various sources, combined with the in- 
stallation of more effective chlorination 
facilities in the water treatment plants, 
created at times unpleasant tastes in 
the water supplies of the city and sub- 
urbs. While other compounds, some 
of which are natural, can cause these 
tastes, much of it came from phenol 
and related compounds. The New 
York State Board of Health and local 
health authorities took immediate ac- 
tion, and known plants that were dis- 
charging phenol into the waters used 
for drinking purposes were ordered to 
eliminate as nearly as possible this 
substance from their waste. Although 
it seemed to most people impossible 
that Buffalo River water could flow up- 
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stream to the Buffalo City intake, or 
to the Western New York Water Com- 
pany intake, even under severe storm 
conditions, the Donner-Hanna Coke 
Corporation agreed to eliminate, as far 
as possible, phenol from its discharge. 

Needing a quick method of com- 
pletely eliminating phenol from the 
Buffalo River, and remembering that 
water wells drilled at the plant site 
had shown a strata of salt water 140 
ft. below yard level, permission was se- 
cured from the New York State De- 
partment of Health to drill wells to 
this undrinkable black water, case them 
off from any fresh water sources, and 
discharge the ammonia still wastes that 
were contaminated with phenol into 
this salt water strata. A settling tank 
was quickly installed, together with 
sand filters to clarify the still waste, 
and the well drilled to the salt water 
strata. This well, and 9 others that 
were later drilled, completely absorbed 
the ammonia still waste for a number 
of years. However, about 1945 it be- 
came impossible, due to clogging of the 
rock pores, to continue to discharge 
the ammonia still waste in this manner. 
In the meantime, however, it had been 
quite conclusively shown that phenol 
in the Buffalo River was not the source 
of the chlorophenol taste in the City 
of Buffalo or Western New York Wa- 
ter Company water. 

Following a report in 1946 by Dr. 
George E. Symons, consultant for the 
Buffalo Sewer Authority (1), confer- 
ences were held with the various indus- 
tries on the Buffalo River and the in- 
terested government agencies. The re- 
port included waste studies of the 
plants on the Buffalo River, and of- 
fered conclusions and recommendations 
to control these wastes to a point that 
would be both practical for industry 
to do, and complete enough to protect 
the water supply of Buffalo and the 
communities downstream from Buffalo. 
A unique plan was suggested in the 
report that would make a reasonable 
cleanup of the Buffalo River possible, 
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and at the same time allow heavy in- 
dustry to continue to grow on this 
small stream. This plan consisted of 
improving on an idea adopted by the 
City of Milwaukee in 1902 whereby 
water was pumped from Lake Michi- 
gan to the upper end of the dredged 
area of the Milwaukee River and the 
Kinnickinnie River to prevent concen- 
trations of pollution from building up 
in these rivers and being forced into 
Lake Michigan in large volume by flash 
floods and winds. 

As early as 1937 G. E. Symons 
pointed out that fortunately Buffalo 
had five large users of water at the 
headwaters of the dredged area of the 
Buffalo River. This would make it 
possible for these five industries to use 
water pumped from Lake Erie, the 
discharge of which would increase the 
maximum flow of the Buffalo River 
more than five times, and thus prevent 
any build-up of pollution in the 
dredged portion of the river. 

Donner-Hanna Coke Corporation in 
1947, at a joint meeting of the inter- 
ested public authorities, agreed to sup- 
port the river water project, and at 
the same time agreed to install a de- 
phenolizing plant of some type. It was 
suggested by the Buffalo Sewer Au- 
thority that pilot-plant studies be made 
of a biological filter plant for the bene- 
fit of all concerned, delaying choice of 
the dephenolizing method until these 
studies were completed. A biological 
pilot plant was designed and con- 
structed in 1949 (Figure 1). Tests 
were run during the summer of 1949 
and 1950 and the results looked fairly 
promising. 

In 1950, the biological pilot plant 
was converted to a chlorine dioxide 
pilot plant. This required only minor 
changes, and 10 runs were made using 
chlorine dioxide as the destructive 
agent for phenol. 

A review was made in 1953 of the 
results of both tests, and of the prog- 
ress made in phenol recovery by the 
benzol absorption method. It was de- 
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FIGURE 1.—Biological pilot plant to treat phenol wastes. 


cided by the Donner-Hanna Coke Cor- 
poration that neither the biological 
filter method nor the chlorine dioxide 
method were suitable for the elimina- 
tion of phenol in untreated still waste 
under conditions at Donner-Hanna, 
and the pilot-plant work was aban- 
doned. 


New York State Water Pollution 
Control Board 


In 1949, the New York State Water 
Pollution Control Board was estab- 
lished. The tremendous task of put- 
ting the new stream pollution law into 
effect was promptly started. Hun- 
dreds of water pollution experts were 
called together, representing state, city 
and county health groups, the State 
Conservation Department, representa- 
tives of many communities throughout 
the state, and representatives of indi- 
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divual industries and industrial associ- 
ations. These experts gave great help 
to the Control Board, and a workable 
program of water pollution control was 
established. This program required a 
classification of all waters of New York 
State as to their best use for all the 
people of the state. The waters of the 
state were to be classified from ‘‘ AA,”’ 
which was water so pure that it was 
perfectly clear and safe for drinking 
with simple chlorination, to ‘‘F’’ at 
the bottom of the scale. It was a prac- 
tical program that would stop further 
water pollution in this fast-growing 
state, and improve much of the already 
polluted water. 

The first Control Board hearings 
scheduled for Buffalo were held May 
31 and June 1, 1951, and in 1953 the 
preliminary classification for Western 
New York waters was published, with 
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public hearings on these classifications 
held in Buffalo that same year. Final 
classifications for Western New York 
waters were announced in 1954. There 
followed conferences under the aus- 
pices of the Control Board, and par- 
ticipated in by representatives of local 
health boards, the U. S. Public Health 
Service where boundary waters were 
involved, and both individual indus- 
tries and groups of industries. Plans 
were made to cooperatively study indi- 
vidual waste problems of both indus- 
tries and communities. Finally stand- 
ards were set and agreed upon by the 
industries and communities whose 
waste problems had been studied. 

In the case of the Donner-Hanna 
Coke Corporation, a number of meet- 
ings were held with representatives of 
the Control Board and the state and 
local health authorities. Pollution 
sources from various sections of the 
plant were studied, and a plan was 
agreed upon which would earry out 
the pollution control program mandate. 
This plan, combined with the efforts of 
the City of Buffalo and of the other 
industries on the Buffalo River, would 
bring this stream to its assigned classi- 
fication. 


Abatement Plans 


The pollution abatement plans of 
the Donner-Hanna Coke Corporation, 
agreed to in June, 1955, were: 


1. The company should prepare 
plans for methods and necessary facili- 
ties to control and provide maximum 
practicable reduction of the phenolic 
wastes. These plans should be sub- 
mitted to the Water Pollution Control 
Soard for approval. The necessary 
units should then be constructed and 
operated in a satisfactory manner. 

2. A thorough study should be made 
of all the piping at the plant to see that 
all the wastes containing phenol, eya- 
nide and/or oil, are effectively treated 
before discharge to the process sewer. 
This would include a careful check of 
the gas final-cooler water closed system 
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to see that there was no overflow to 
Buffalo River. 

3. The company should participate 
with the other major industries on the 
Buffalo River in furthering considera- 
tion of the Buffalo River Pollution 
Abatement Project-Water System. 

4. Arrangements should be made to 
collect all the sanitary wastes and dis- 
charge them to the municipal sewers 
or, in the case of isolated small toilets, 
to approved septic tanks. 

5. A continuing cooperative study of 
the receiving stream and plant effluents 
should be conducted by the industry 
and control agencies. These studies 
should include bio-assays, the purpose 
of which would be to determine 
whether or not the effluents contained 
toxic or other substances that would be 
inimical to fish life or affect public 
water supplies drawn from Lake Erie 
or the Niagara River. Work should 
then be undertaken on any additional 
treatment measures indicated to be 
necessary to meet the classifications of 
the Buffalo and Niagara rivers and 
Lake Erie. 

6. If the Buffalo River Pollution 
Abatement Project-Water System was 
not constructed, a reappraisal of the 
requirements for further waste treat- 
ment would be necessary. 

7. The company should work out 
with the Water Pollution Control 
Board arrangements for effluent sam- 
pling, maintenance of operating rec- 
ords, and periodie reports to the Wa- 
ter Pollution Control Board. 


Item No. 2 had already been com- 
pleted by the installation of a new and 
enlarged cooling tower which would 
keep the final-cooler water containing 
small amounts of cyanide and phenol 
in a completely closed circuit. 

Item No. 4 covering the disposal of 
sanitary sewage was already complete 
except for installation of small outly- 
ing septic tanks. 

Items Nos. 5, 6 and 7 were already 
completed and ready to be put into 
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operation when the new dephenolizer 
was built and put in operation. 

Item No. 3 has already been dis- 
eussed, and Donner-Hanna had agreed 
in 1947 to cooperate with other indus- 
tries in bringing this into being. This 
plan is now well under way, and legis- 
lation enabling the City of Buffalo to 
build a pumping plant and lease it to 
industry has been passed. 

Item No. 1 was of major concern to 
the company. Preliminary work had 
already been completed, and a benzol 
extraction-type dephenolizing plant at 
a cost of approximately $250,000 had 
been decided upon by the company and 
was quickly approved by the New York 
State Water Pollution Control Board. 
In October, 1955, a contract was let for 
the construction of such a plant. This 
process is not a new one, and a reason- 
ably successful plant of this type had 
been in operation at Troy, N. Y., since 
about 1925. Several manufacturers 
now build this type of plant, with vari- 
ations only in design of the liquor oil 
contact equipment. The Koppers-Loe 
process provided contact towers that 
seemed to offer the greatest efficiency 
with a minimum of maintenance 


Koppers-Loe Process 


Operation of the Koppers-Loe proe- 
ess consists of the following steps: 


1. The phenol-bearing, crude am- 
monia liquor, after filtering and cool- 
ing, passes through two specially de- 
signed highly efficient contact towers 
in series. Light oil is pumped counter- 
currently to the liquor in the con- 
tactors, where, due to the intimate mix- 
ing, the phenol is extracted from the 
liquor by the light oil. 

2. The dephenolized liquor flows by 
gravity to storage tanks and thereafter 
to the ammonia stills as feed. After 
distillation of the ammonia from the 
feed, the bottoms are sufficiently low in 
phenol concentration to be discharged 
to the inland waters. 

3. The phenolized light oil from the 
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contact tower is pumped to the top 
compartment of a three-section tower. 
Here any traces of ammonia liquor en- 
trained with the oil are removed by de- 
cantation. 

4. The decanted light oil flows by 
gravity through the lower two sections 
of this same tower. These sections 
comprise a multiple contactor for phe- 
nolized light oil and caustie soda solu- 
tion in which the phenol content of the 
light oil is reacted upon by the caustic 
soda to form sodium phenolate. The 
light oil flow is upwards through each 
of the two sections, beginning with the 
bottom one. At the outlet of the top 
section, it is sufficiently dephenolized to 
return to the light oil circulating tank 
from which it is pumped to the liquor 
contact towers to begin the next phenol 
absorption cycle. 

5. Caustic soda solution is pumped 
in batches to the two lower sections of 
the three-section tower. Step No. 4 
indicates that the phenolized light oil 
passes upwards through these two 
batches of caustic in series and that 
the reaction produces sodium pheno- 
late. When the conversion of the low- 
ermost batch of caustic has reached 
about 70 per cent, the resultant pheno- 
late solution is transferred to a spring- 
ing plant to make crude concentrated 
tar-acids or to a concentrator where the 
excess water and light oil are boiled 
off before storing as phenolate. At 
Donner-Hanna the conversion of caus- 
tic to tar acids is not less than 85 per 
eent at the efficiencies being accom- 
plished. In the meantime, the caustic 
soda from the middle compartment is 
dropped to the bottom one, and that 
from the top compartment is dropped 
to the middle compartment. A fresh 
batch of caustic soda solution is 
pumped into the uppermost of the 
three contact compartments from the 
caustic soda dilution tank and the cycle 
is resumed. 


The towers for contacting the am- 
monia liquor and light oil are specially 
designed units containing multiple trays 
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TABLE I.—Typical Operating Results, Koppers Light Oil Extraction Dephenolizer 
Donner-Hanna Coke Corporation 


Fs Phenol Content (p.p.m.) 
Treated 
(gal./day) Crude Treated (Ib. /day) 
Liquid Liquid 
Apr. 22 66,000 1,531 23 829 98.5 
23 73,000 1,589 21 943 97.6 
24 82,000 1,813 22 1,223 98.8 
25 96,000 1,988 19 1,575 99.0 
26 99,000 1,804 23 1,469 98.7 
Feb. avg. 87,000 1,923 22 1,369 98.9 
Mar. avg. 89,000 1,760 18 1,288 98.9 
Apr. avg. 89,000 1,693 24 1,235 98.6 


through which the streams of liquor and 
light oil flow countereurrently and 
gently. The special design serves to 
mix thoroughly the light oil and liquor 
on each tray. Since there are no mov- 
ing parts and no precipitates in these 
towers, a regular maintenance expense 
is not anticipated. 

The Koppers-Loe process is believed 
to be the best so far offered to the coal 
chemical industry for removal and re- 
covery of phenol from crude ammonia 
liquor and simultaneous reduction of 
the phenol in the waste from the am- 
monia stills. 

The dephenolizing plant was put in 
operation in late December, 1956, and 
from the start gave efficiencies beyond 
expectations. Table I presents typical 
operating data for the dephenolizer. 

The small amount of phenol remain- 
ing in the coke plant effluent dis- 
charged to the Buffalo River is insig- 
nificant in the normal flow of the river. 
For all practical purposes it is oxidized 
completely before dilution with the 
200,000 ¢.f.s. flow of the Niagara. It 
is believed that no phenol from the 
Donner-Hanna works can now reach 
any water supply in Lake Erie or the 
Niagara River. 

The Donner-Hanna Water Pollution 
Abatement Plan established by the 
New York State Water Pollution Con- 
trol Board will be completed this year. 
Vigilance must be maintained in in- 


spection and operation to make certain 
that carelessness does not nullify the 
plans so carefully drawn up and 
carried out at considerable expense. 


Conclusion 


The cooperative attitude of indus- 
tries, communities, and governmental 
agencies in working together for the 
best interests of all the people is re- 
sulting in a concerted effort to abate 
and control pollution in the Buffalo 
and Niagara rivers. Health and hap- 
piness might be achieved in a wilder- 
ness without pollution of eny kind, but 
it is doubtful that prosperity as the 
people of this country want it would 
be found there. Therefore, the en- 
forcement of air and water pollution 
control laws must be a compromise be- 
tween the ideal and the practical. 
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It is increasingly obvious that the 
old standbys of sewage treatment—the 
clarifier, the trickling filter, and the 
activated sludge process—are not the 
answer to all organic waste problems. 
Indeed, waste treatment as such will 
not ultimately provide the whole an- 
swer to all the surface water quality 
problems. Admittedly, the present 
methods of sewage treatment, when in- 
telligently applied to industrial effluent 
treatment problems, can and are find- 
ing a greatly increased application. 
Research and development work of the 
past 10 years have improved the effi- 
ciency of the standard techniques and 
broadened their application to indus- 
trial wastes. In some instances such 
application has also pointed out not 
only the limitation of specific treat- 
ment methods, but on relatively small 
and congested watersheds it has shown 
that treatment alone will not ulti- 
mately suffice. These limitations are 
clearly apparent in the data presented 
by the ORSANCO Chemical Industry 
Advisory Committee report on ‘‘Cur- 
rent Practices in Municipal Treatment 
of Industrial Wastes.’’ 


Suspended Solids Removal 


Examples of the limitation of sus- 
pended solids removal techniques used 
for sewage clarification which fail in 
pulp and paper waste treatment, are 
as follows: > 


1. Failure of sedimentation devices 
to perform under rapid changes of 
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temperature, flow, and waste character- 
istics. 

2. Failure of such devices to provide 
an adequate degree of sludge thicken- 
ing or produce a relatively uniform de- 
gree of thickening so that a movable 
and sufficiently dense slurry ean be 
continuously produced. This is often 
not due to a failure of the equipment, 
but rather a demand upon it which 
it cannot be expected to meet because 
of feed characteristics and flow varia- 
tions. For a number of reasons the 
obvious answers—equalization or re- 
circulation of sludge or effluent, are not 
as easily applied as may first appear. 

3. Entirely satisfactory devices for 
removing entrained air from clarifier 
influents are not yet available. 

4. Where chemical treatment is ap- 
plied, the presence of dissolved organic 
matter from pulping liquors or wash 
waters ean render coagulants useless or 
cause high sludge hydration. In other 
cases, constantly varying concentra- 
tions of organic matter can change the 
coagulant demand so rapidly that the 
correct dosage range cannot be applied 
as necessary. 

5. The use of dispersing agents and 
colloidal pigments, antifroth agents, 
and some sizing materials upset coagu- 
lation techniques completely or render 
effluents highly turbid when only traces 
of the material are present. 


A good example of colloidal pig- 
ments is titanium dioxide. One part 
per million of this pigment is equiv- 
alent in turbidity to 20 p.p.m. of the 
disperse silica as used in the prepara- 
tion of the ‘‘Stendard Methods”’ tur- 


1370 


4 
a 
: 
| 
| 


Vol. 29, No. 12 


bidity standards. Therefore, what 
would be considered an excellent and 
good appearing effluent from the stand- 
point of the chemical coagulation of 
sewage (20 p.p.m. of suspended solids), 
would not have a good appearance if 
produced by coagulation and elarifica- 
tion of an effluent from a paper mill 
using titanium dioxide. Here, if the 
weight of suspended solids in the ef- 
fluent was similar, the turbidity would 
be 400 p.p.m. and its appearance very 
poor, particularly because of the 
brightness of the pigment. 

Sewage sludge thickens generally to 
a consistency that ean be handled by 
devices capable of further concen- 
trating the material for disposal by 
drying or incineration. Many paper- 
making operations produce effluents 
containing settleable solids which set- 
tle and compact to very low consisten- 
cies (as low as 0.5 per cent solids). 
These defy even the best methods of 
concentration, limited only to labora- 
tory use. 

For these reasons, techniques other 
than sedimentation have been explored 
and, in many cases, applied to handling 
difficult clarification and thickening 
problems in the pulp and paper indus- 
try, as well as in others. Flotation 
and direct filtration methods have 
broadened the scope of clarification to 
cover a greater number of effluents. 
Typical examples of these devices are 
shown in Figures 1 and 2. The liquid 


FIGURE 1.—Flotation save-all treating 
pulp and paper mill wastes. 


PULP AND PAPER MILL WASTES 1371 


FIGURE 2.—Vacuum filter operating on 
paper mill wastes. 


cyclone and super centrifuge now un- 
der intensive study, promise to add 
further to the number of effluents 
which can be successfully clarified. 

It might be apropos to comment on 
what the term ‘‘suecessfully handled’’ 
means in terms of equipment perform- 
ance. To those unacquainted with me- 
chanical processes, it can and often 
does mean top efficiency performance 
100 per cent of the time. To those 
close to such operations, such perform- 
ance is obviously unobtainable and the 
expectancy of such is not sensible. 
However, the customer for stream pol- 
lution control, i.e., the public, often ex- 
pects this degree of efficiency and per- 
formance to be obtainable. Somehow 
there is a greater expectancy for this 
attainment in respect to industrial ef- 
fluent than from municipal sewage 
treatment plants. It is a well-known 
fact that a good piece of equipment in 
the municipal waste field is one that 
operates 90 per cent of the time. It 
will operate at peak efficiency only 70 
per cent of the time over the period 
of a year, even under ideal conditions. 

To meet continuous, highly efficient 
waste treatment performance require- 
ments in the pulp and paper industry, 
attempts have been made to use sec- 
ondary and even tertiary clarification 
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FIGURE 3.—Acti 


These units have consisted of 
clarifiers preceding and following fil- 
tration devices and the use of more or 
less catch-all sedimentation basins or 
lagoons prior to final effluent discharge. 
One such device which has in recent 
years come into rather wide use in the 
South consists of a circular earth em- 
banked basin, equipped with a sludge 
collector mechanism. These basins are 
built in diameters up to 250 ft. to han- 
dle entire mill effluent flows of from 
15 to 35 m.g.d.; the effluents usually 
have been preclarified by vacuum fil- 
tration within the mill. Under extreme 
conditions, these installations are ac- 
companied by manually cleaned di- 
version basins for use during their 
down time. Such arrangements have 
reduced the cost of secondary clarifica- 
tion to a reasonable level for large mills 
where land disposal of the resultant 
sludge is feasible. It can readily be 
seen that such practice permits better 
use of disposal areas and improves 
clarification over ordinary lagoons or 
manually cleaned basins. 


devices. 


B.O.D. Reduction 


In the field of oxygen demand re- 
duction, biological sewage treatment 
methods have proven useful and effi- 
cient in some instances. In other 
cases, they are obviously not applicable 
or hopelessly inefficient when econom- 
ics are considered. Sometimes biologi- 
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cal treatment fails, due to the fact that 
residual factors such as color or tur- 
bidity remain in the effluent despite 
good B.O.D. reductions. Thus the ap- 
plication needs to be broadened, the 
efficiency improved, or other than bio- 
logical methods used to do particular 
As far as the application of sew- 
age treatment techniques to pulp and 
paper mill effluents are concerned, 
much progress has been made but re- 
sults to date indicate that there is still 
considerable work to be done. 


jobs. 


Trickling Filters 

The trickling filter has not yet 
proven itself to be an effective or 
highly efficient device for handling mill 
effluents. Even the use of expedients 
such as two-stage filters, plastic filter 
media, temperature control, forced ven- 
tilation, recirculation, and nutrient ad- 
dition have not raised loadings to an 
attractive level and, in many instances, 
consistently high B.O.D. removals can- 
not be obtained. 


Activated Sludge 


Of much greater promise has been 
the activated sludge process and its 
modifications. This was first tested 
and applied to kraft mill effluents. 
Two large scale installations have been 
made: one at Covington, Va., and the 
other (Figure 3) at Lufkin, Texas. 
These have been successful to a degree 
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and have served to point out some of 
the difficulties arising largely through 
mill process changes, production varia- 
tions, and new additives, as well as 
basic limitations. The process pro- 
duced little or no color reduction and 
may even darken the color of the waste, 
rendering the receiving stream less at- 
tractive in appearance than if the ef- 
fluent were discharged untreated. 

Excess sludge disposal, in some in- 
stances, remains a serious problem 
when some wastes are treated. For 
very strong effluents, fermentation 
processes such as the production of 
high protein feed supplements, repre- 
sent more rational biological handling 
than do treatment processes. 

On the encouraging side is the fact 
that much higher efficiencies in terms 
of detention requirements have been 
obtained for a number of effluents than 
are commonly achieved in sewage treat- 
ment practice. These are due to em- 
ployment of nutrients, the discovery 
that the process is highly efficient at 
high temperatures (up to 55° C.), the 
use of high sludge concentrations and, 
in some eases, the application of con- 
tact stabilization. The fact that the 


sludge is fed at a continuously high 
rate may account for some of the effi- 
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pilot 
plant, New York and Pennsylvania Co., 
Johnsonburg, Pa. 
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FIGURE 5.—An activated sludge pilot 
plant for the Mead Corp. 


ciencies obtained and the absence of 
bulking troubles. 

Other factors which broaden the ap- 
plication of activated sludge process is 
the ability of activated sludges pro- 
duced from some wastes to not only 
survive in good condition, but remain 
highly active during wide pH changes 
and strength variations in the feed. 
Turbo-aeration devices have permitted 
treatment of wastes with B.O.D. values 
of several thousand parts per million. 
Sludge destruction by autogenous res- 
piration holds promise of alleviating 
the excess sludge problem. At present, 
12 pilot plants are in operation, testing 
this process on various types of pulp- 
ing and papermaking effluents. Two 
of the units are shown in Figures 4 and 
5. Typical results from some of these 
test units are given in Table I. 


Stabilization Ponds 


The stabilization pond has been the 
most widely employed means for re- 
ducing B.O.D. in the industry. There 
are 12 such installations in operation 
at large kraft mills in the South and 
they have proven effective. Recently, 
Ratliff (1) reported on the effective- 
ness of a pump recirculated basin for 
treating paperboard mill effluent. An- 
other such installation is being tested 
at a rag and flax paper mill, and a 
third at an integrated mill. The latter 
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TABLE I. 
Aeration Tank Details 
Waste | | 
| Capacity or 
| (gal.) (hr.) | 
Kraft, total effluent | 12.600] 3-6 
Soda, diluted black liquor 1,230 12 | 
Sulfite, soda, old paper 3,750| 2-6 
Neutral sulfite machine 
1,230 4-5 


Neutral sulfite, machine 


water 
water, news and chip 
| 


1317,000| 6-9 | 


De-inking 92,300 
Coated paper, broke wash | 1,230 6 
Boardmill, settled white | 

water 8,500 4 
Domestic sewage 1-6 


two employ air diffusion to obtain cir- 
culation and aeration. Effective use 
of successive oxidation basins, with tur- 
bulent flow between them, for treating 
kraft effluent has reported by 
Webster (2) 

It appears from the results obtained 
to date that much improvement in oxi- 
dation basins is obtainable, that their 
application will be broadened, and 
their combination with small 
mechanical biological treatment units 
may prove attractive. In event, 
one of the best features of such basins 
is that they come much closer to con- 
high efficiency performance 
mechanical device. 
and irrigation use 
cannot pass unnoticed. The intelligent 
the microbiology of the soil for 
oxidizing organic 


been 


use in 


any 


tinuous 
than any 
Land disposal 
use of 
wastes has been em- 
ployed only recently. little 
attention was paid to organic loadings 
in respect Adherence 
to the allowable loading is now 
nized as the 


Previously, 


to land disposal. 
recog- 
makes this 
How- 


also 


factor which 
technique successfully operable. 
ever, the low loading requirement 
limits its application, particularly in 
the pulp and paper industry, 
of the large land area required per 
unit of organie 
time. In 


loading imposes 


because 


matter oxidized in a 
addition, volumetric 
another limitation. 


riven 
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inccasias of Results, wha and Paper Mill Pilot Aeration Plants 


5-Day B.O.D. 


Aerator 
Susp. 
Daily Solids Reduc- 
(gal.) cu, ft./day) (%) 
10,000-80,000 | 1,500-2 500; 100 | 90 
1,300 | 1,900 | 115 | 92 
oa. 3,000 95 | 80-93 
5,700 | 1500 | 72-150 | 60-83 
750,000 | 1,500-2,000| 45-58 | 75-90 
460,000 6,800 75 | 7% 
2,700 6,900 68 | 97 
38,000 2,000—3,000 66 | 80-90 
| 1,000-2,500| 30-60 | 95 


Effluent Utilization 


The use of kraft pulp mill effluents, 
as well as papermaking effluents, for 
irrigation has been successfully prac- 
ticed in arid regions of this country. 
Both vegetable and fodder crops ap- 
pear to thrive under such practice and 
no soil damage has been detected to 
Two factors appear to delay 
use of kraft mill effluent for ir- 
rigation. One is consumer acceptance 
and the other is the great area over 
which distribution would be required 
to dispose of the effluent volume from 
these mills which ranges from 15 to 35 
m.g.d. Theoretically attractive to the 
industry is the use of the effluent to 
irrigate woodlands, but to date no ef- 
fective meanS has been developed for 
accomplishing this economically. 


date. 


wider 


Other Processes 


Organic wastes which do not appear 
amenable to sewage treatment methods, 
or adoptions of them, are the subject of 
a considerable amount of research and 
levelopment work. Chemical, heat re- 
covery, drying, and incineration proc- 

worked out for some 
wastes and are now in operation. Ex- 
amples of this practice in the pulp and 
paper industry are the magnesium and 
ammonium base sulfite liquor recovery 
processes. 
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esses have been 
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The Mead Corporation and the In- 
stitute of Paper Chemistry processes for 
neutral sulfite semi-chemical spent liq- 
uors are now being tested in full-scale 
units. The development of the kraft 
recovery process to an extremely high 
degree of efficiency must not be over- 
looked. Another is the extensive work 
on the Zimmerman wet combustion 
process as applied to pulping and other 
wastes of high organic concentration. 
Research on hydrolysis of a number 
of wastes has been conducted by the 
National Council for Stream Improve- 
ment and others. Catalytie oxidation 
of solvent containing effluents was ex- 
plored by the du Pont Company. 

Development of a color removal 
process from pulping and bleaching 
effluents by chemical methods, which 
could be integrated with the standard 
kraft mill recovery system, has been 
the subject of almost 10 years research 
by the pulp and paper industry. Al- 
though repeated bottlenecks have ap- 
peared in this development, and it is 
not yet ready for application, progress 
continues toward solving the problems 
encountered. A pilot plant which 
played a large part in these studies is 
shown in Figure 6. Hence, through 
many different approaches solutions to 


FIGURE 6.—Color removal pilot plant. 
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the multitude of effluent problems be- 
setting the pulp and paper industry 
will appear in time. 


Available Dilution 


One factor which has not often been 
stressed enough is that of effluent con- 
trol in respect to the available volume 
of dilution water. Pollution is largely 
a summer or low runoff disease and 
should be treated as such if communi- 
ties and industries along watersheds 
and estuarial areas are to continue to 
expand. The holding or regulated dis- 
charge lagoon, the tidal basin, and the 
river impoundment have all been em- 
ployed to advantage for the purpose 
of maintaining a more uniform dilu- 
tion of effluents the year round, thus 
preventing critical periods of stream 
pollution. 

It appears that present thinking 
must expand in this direction, notwith- 
standing considerable opposition. It 
is a simple fact that rivers must be 
used to drain areas of high population 
density except in some cases near the 
mouth of streams where large inter- 
ceptor sewers and ocean or large lake 
discharges are practical. It is obvious, 
from the rapid growth of large cities, 
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that attempts to spread out the pop- 
ulation and industry have been success- 
ful only to a limited degree. 

In quite a number of areas the point 
is being approached where sufficient 
dilution water is not available to pre- 
vent serious pollution, despite a high 
degree of treatment of all sewage and 
industrial effluents. Will these areas 
then stagnate or will means be taken 
to utilize better the total annual flow 
of the stream for drainage purposes? 
Possible impoundments must be studied 
from the standpoint of flow regulation 
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alone, and any other benefits derived, 
such as power production, must be 
considered secondarily. The use of 
flood flows for carrying off impounded 
wastes, both liquid and semi-solid, must 
be thoroughly evaluated. 
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HOWARD E. (TED) MOSES DIES 


Howard E. (Ted) Moses, first Sec- 
retary-Treasurer of the Federation, 
died at Reading, Pa., on November 13, 
1957. He had recently suffered a heart 
attack. Ted Moses served as Secretary- 
Treasurer to the Federation when it 
was originally organized in 1929, until 
1941 when it was reorganized with a 
treasurer and a part-time executive 
secretary. His untiring efforts in this 
position contributed greatly to the 
growth of the infant Federation. The 
Federation honored him with Honor- 
ary Membership (1943), the Kenneth 
Allen Award (1945), and the Charles 
Alvin Emerson Award (1951). In ad- 
dition to serving the Federation as 
Secretary-Treasurer for 13 years, he 
also was a director to the Board of 
Control. 

H. E. Moses was born on October 15, 
1875 in Muhlenberg, Pa., and received 
his edueation at Dickinson College, 
University of Maryland, and The 
Johns Hopkins University. In 1908 
he joined the Pennsylvania State De- 
partment of Health. He served the 
department in various positions of in- 
creasing responsibility, and in 1942 he 
was appointed Director of the Bureau 


of Sanitary Engineering, the position 
he held at the time of his death. 

He participated in the organization 
of the Ohio River Valley Water Sani- 
tation Commission and served as 
Chairman. Always active in stream 
sanitation work, he also served the 
Interstate Commission on the Delaware 
River Basin, the Interstate Commission 
on the Potomac River Basin, the Great 
Lakes-Upper Mississippi River Board 
of Engineers and the Conference of 
State Sanitary Engineers. 

Ted Moses was a Life Member of 
the American Society of Civil Engi- 
neers and the American Water Works 
Association. He was active in many 
local professional organizations, and 
was a Past President of the Pennsyl- 
vania Sewage and Industrial Wastes 
Association. 

In 1953 Dickinson College conferred 
the Honorary Degree of Doctor of Sci- 
ence on him. 

Those who had the privilege of 
knowing Ted Moses will always re- 
member his efforts as a pioneer for 
clean streams and his accomplishments 
in the sanitary engineering field; his 
service to the Federation will be long 
remembered. 
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INDUSTRIAL WASTES EFFECTS AT THE SOUTH 
SAN FRANCISCO, CALIFORNIA, SEWAGE 
TREATMENT PLANT * 


By Henry L. ScHWEINING 


Superintendent of Sanitation, South San Francisco, Calif. 


The South San Francisco-"San Bruno 
sewage treatment plant was constructed 
at a cost of $1,000,000 exclusive of the 
15-acre site. When the plant was put 
in operation in February, 1952, the 
combined population of the two cities 
was 30,000. Today the population is 
60,000. 

The designed capacity is 8 m.g.d. 
with a peak of 13 m.g.d. The domestic 
and industrial wastes can be kept sep- 
arate or treated together, because all 
of the equipment is in duplicate. 

There are two influent channels each 
with a-remote recording flow meter 
and a recording pH meter (range of 
2.0-12.0). When the pH meter regis- 
ters a reading above or below the re- 
quired plant operating pH range of 
5.5-10.5, an investigation is undertaken 
to locate the source of the high or low 
pH waste. In most cases it is located. 

The pretreatment units consist of 
automatie bar screens, two grit cham- 
bers with straightline grit collectors 
and a serew conveyor to the grit hop- 
pers. The grit chambers are aerated 
and only a limited amount of air is 
used, as an excess carries sand into the 
flocculation tanks. The original wear- 
ing shoes on the grit buckets wore out 
in six months. Some experimenting 
was done with rubber riveted to the 
shoes. As the rubber did not show 
excessive wear after several months, 
each wearing shoe was vuleanized with 
a piece of rubber 4 in. by 4 in. by 1% in. 


*Presented at the 1957 Annual Meeting, 
California Sewage and Industrial Wastes 
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thick. These rubber-soled shoes have 
been in continuous operation for four 
years and do not show any appreciable 
amount of wear. 

There are four flocculation tanks 
and four primary sedimentation tanks. 
Air is furnished by two blowers. The 
sedimentation tanks are equipped with 
sludge collectors and pipe skimmers. 
Raw sludge is drawn by gravity to 
either of two sludge thickening wells 
and pumped to the digesters. 

There are two 70-ft. primary di- 
gesters equipped with floating covers 
and heated by two sludge heaters. The 
No. 2 digester has a gas recirculating 
system, which was installed by the 
plant personnel about 18 months ago, 
and has eliminated the scum problem 
in that digester. The secondary di- 
gester is also 70 ft. in diameter with a 
floating cover that serves as a 20,000- 
eu. ft. gas holder. 

The plant personnel constructed an 
incinerator in which all screenings 
from the bar screens are burned. This 
amounts to about 2 cu. yd. per day. 

Both domestic and industrial wastes 
are pumped into the sewage treatment 
plant. The domestic waste pumping 
station has a capacity of 10,600 g.p.m. 
and pumps to an equalizing tank at the 
treatment plant. There are five indus- 
trial pumping stations and two more 
under construction. 

Present average flow is 6 m.g.d. with 
peaks of 10 m.g.d. Flow is equally di- 
vided between domestie and industrial 
wastes. The strongest industrial wastes 
come from three meat processing plants 
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and a packing house, a_ tannery 
(chrome process), a steel pickling 


plant, and a shop towel laundry serv- 
ice. 

Table I presents a summary of the 
treatment plant operating data for 
1956. 


Packing House Wastes 


The Swift and Company slaughter 
house, one of the largest meat packing 
plants on the Pacific Coast, has been 
discharging untreated wastes into San 
Francisco Bay for many years. With 
the completion of the industrial sewer 
system in 1955, Swift and Company in- 
stalled pretreatment and began dis- 
charging to the sewers in February, 
1957. Their average daily weekday 
flow is 700,000 gal. 

Pretreatment consists of a _ large 
basin with skimmers for the removal 
of grease and settling of miscellaneous 
Paunch manure and _ solids 
from the bottom of the basins are re- 
moved by two vibrating liquid type 


solids. 


TABLE I.—Summary of Operating Data for 
1956, South San Francisco Sewage Treat- 


ment Plant 
Item Avg 

Flow (m.g.d.) 6 
Grit (cu.ft./m.g.) 13 
Suspended solids: 

Influent (p.p.m. 197 

Effluent (p.p.m.) 220 

Reduction (%)...... 58 
B.O.D.: 

Influent (p.p.m. 600 

Effluent (p.p.m.)... 278 

Reduction 54 
Settleable solids (ml./I.): 

Influent (p.p.m. 21 

Effluent (p.p.m.) 

Reduction (%). . 80 
Total solids: 

Influent (p.p.m.) 1,884 

Effluent (p.p.m.) 1,327 


Reduction (% 30 
Digesters, primary: 


Volatile acids (p.p.m.) 5,000-—6,000 


Alkalinity (p.p.m.).. 11 
Dried sludge per day 
(ton). 2.6 


Gas production per 


day (cu.ft.)...... 92,200 
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screens which are 4 ft. by 8 ft. in size 
and use 20- by 30-mesh screening. The 
screened paunch manure is delivered to 
the sewage treatment plant by truck 
and dumped on the sludge drying beds. 
It is spread to about 6 in. in depth and 
used as a filter base upon which the 
digested sludge is spread. After 
spreading the paunch manure, the beds 
are flooded with sludge containing 10 
to 12 per cent solids, then allowed to 
dry from 14 to 30 days. At about 60 
per cent moisture content the sludge 
and filter base are roto-tilled by the 
Geraghty process. The flooding and 
tilling procedure is repeated three to 
four times, then the tilled sludge is 
harvested. 

In the near future Swift and Com- 
pany will connect to the system the 
wastes from the wool pullery after pre- 
treatment equipment has been in- 
stalled. Pretreatment is required be- 
sause there is a large amount of sul- 
fides in their process. The flow will 
add another 300,000 g.p.d., making a 
total of 1 m.g.d. from this one industry. 
The pH of the spent sulfide solution 
from the wool house will be adjusted to 
the required range of 5.5 to 10.5 and 
will be treated to remove dissolved 
sulfides. The treated wastes will con- 
tain elemental sulfur. 

Swift and Company pays a sewer 
rental charge of $25,000 per year based 
on the volume of wastes water dis- 
charged to the sewer system. 


Tannery Wastes 


The Poetsch and Peterson Tannery 
produces soft, light weight leathers by 
the chrome process; in addition, a 
small amount of vegetable tan is used. 
The wastes consist of hide soak and 
wash waters, lime soak and wash 
waters, sulfite de-hairing wastes, spent 
chrome salts, and vegetable tannins. 
The daily waste flow contains 33 cu. ft. 
of hair. 

Pretreatment consists of a tfotating 
quarter-mesh screen to remove hair and 
fleshing. <A settling basin with no 
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method of mechanical sludge removal 
is also used. The chrome wastes are 
by-passed to a storm sewer as chro- 
mium will inhibit sludge digestion. 
The treatment plant receives all wastes 
except the hair and chrome wastes. 

Plans for a pretreatment plant for 
the treatment of chrome wastes and re- 
moval of excess suspended solids has 
been authorized by the tannery. This 
plant will eliminate a sewer surcharge 
of $9.00 per 1,000 lb. of solids (dry 
weight) which amounts to $4,275 plus 
the waste water volume charge of 
$2,300. 


Laundry Wastes 


Shop Towel Service Laundry pro- 
vides wiping cloths for industrial use. 
The wastes have a high B.O.D., grease, 
and suspended solids content as com- 
pared to that of ordinary laundries 
and it is the principal source of oils 
at the sewage treatment plant. The 
suspended solids including the grease 
are as high as 5,000 p.p.m. Only 500 
p.p.m. of suspended solids may be dis- 
charged without paying a sewer sur- 
charge. Therefore, the laundry pays 
a rather high surcharge. 

All floating materials and grease re- 
ceived at the sewage treatment plant 
are removed by manually operated 
pipe skimmers to sludge thickening 
wells where they are refloated. The 
sewage is pumped to the head of the 
plant and the floating materials are 
pumped to the digesters. 

The laundry has recently installed a 
settling basin with baffles and this re- 
moves a large percentage of settleable 
solids and a small amount of oils and 
grease. Most of the oils are dispersed 
as the temperature of the tank contents 
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is 160° to 180° F. After installing the 
settling basin there has not been any 
sewer stoppage in the main sewer lines. 
The laundry pays a surcharge of 
$4,378 on excess suspended solids and 
$3,111 on the volume wastes charge. 


Pickling Wastes 


The pickling wastes of the Colorado 
Fuel and Iron Company come from a 
process to remove iron oxides (mill 
scale) before cold drawing and other 
finishing operations are performed. 
The steel is immersed in a hot sulfuric 
acid bath for several hours and washed 
with water. Iron is dissolved in the 
acid-forming ferrous sulfate and the 
strength of the acid is reduced. Ad- 
ditional acid is used, increasing the 
ferrous sulfate content and further re- 
ducing the acid activity. The spent 
pickling liquor eventually must be dis- 
earded. This waste contains about 1 
per cent by weight of sulfurie acid and 
6 to 10 per cent of ferrous sulfate. On 
dilution the spent liquor combines with 
water and oxygen to form insoluble 
ferric hydroxide and sulfurie acid. 
The acid waste is raised to a pH of 5.5 
with soda ash before discharging into 
the sewers. The suspended solids load 
on the treatment plant is 1,700 lb. per 
day as ferric hydroxide. The company 
pays an average surcharge of $5,580 
for suspended solids and a volume 
waste charge of $3,449. 


Summary 


South San Francisco is an industrial 
city producing equal amounts of do- 
mestiec and industrial wastes. This 
creates some complex problems which 
have been worked out with industry. 
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TOXICITY STUDIES OF METAL-FINISHING 
WASTES * 


By W. D. SHEETS 


Assistant Research Professor, Engineering Experiment Station, Ohio State University, 
Columbus, Ohio 


Metal finishing has become a major 
process used by many industries to 
improve the appearance and/or to add 
protective coatings to components or 
finished products. Included in this 
process are metal plating, anodizing, 
vitreous coatings, and painting. This 
paper is concerned only with the metal 
plating and the toxic effects of the 
metallic salts on the biological proc- 
esses commonly used in the treatment 
of municipal wastes. 

There are about 18 principal ma- 
terials used in plating processes; all 
are metals with the exception of cya- 
nide. These range from chromium, 
which is probably the most common, to 
high-cost metals such as silver and 
gold. In combination with these prin- 
cipal materials, other compounds are 
used in making up the plating baths. 
Cleaning operations, essential to good 
plating, contribute other compounds 
which result in a heterogeneous mix- 
ture of great variation in concentra- 
tion. In conducting the _ toxicity 
studies, practical limits were not con- 
sidered. 

Hupfer (1) states that wide varia- 
tion in the volume of metal-finishing 
wastes exists, ranging from 2,000 to 
500,000 g.p.d. It is assumed a metal- 
finishing plant has a flow of 100,000 
g.p.d. entering the municipal system. 
The total flow at the treatment plant is 
1.5 m.g.d., indicating a dilution of 15 
to 1. The 35 p.p.m. of copper in the 
waste would be reduced to 2.3 p.p.m. 


* Presented at the 1957 Annual Meeting, 
Ohio Sewage and Industrial Wastes Treat- 
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by dilution. This could be considered 
a practical limit. The actual toxicity 
limit as defined for these studies is the 
concentration at which some effect be- 
comes apparent in the biological proc- 
esses in use and it may be much higher 
than the practical limit. 

The biological processes consist of 
the biological filter, the activated 
sludge process (or combinations of 
these two) and the sludge digestion 
process. The first two are aerobic proc- 
esses while the last is anaerobic. The 
wastes may have a germicidal effect on 
these processes, either caused by actual 
toxicity or because of their acidic or 
basic qualities. 

Literature surveys report wide vari- 
ation in toxic limits (2). One report 
stated that chromium ranging from 3.5 
to 67.5 p.p.m. in the raw sewage 
stopped the action in filter beds en- 
tirely while a conflicting report states 
that 100 p.p.m. of chromium reduced 
the nitrification by 66 to 78 per cent. 
Such literature survey data may have 


merit but do not indicate any con- 
sistency, or a satisfactory starting 
point. 


In pursuing these studies both lab- 
oratory-seale and pilot-plant operations 
have been used. 

Laboratory-scale projects used stand- 
ard laboratory equipment with one ex- 
ception and that was the construction 
of the sludge digestion apparatus for 
preliminary work on the effect of 
chromium in the anaerobic process. 

The pilot plant consisted of a series 
of concrete units representing the 
treatment units used in the majority 
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of municipalities. A flexible piping 
arrangement made it possible to use 
the plant as a trickling filter or an 
activated sludge plant. A separate 
sludge digestion unit is included. The 
capacity of the plant was 50 g.p.m. and 
sewage from a large Columbus, Ohio, 
interceptor was used as the raw sewage 
for the plant. Plant effluent was re- 
turned to the municipal sewerage sys- 
tem. 


Preliminary Studies 


Some concept of the toxicity of the 
various metals used was required to 
govern the dosage concentration at the 
pilot plant. 

The effect of each metal on the 
B.O.D. test was used to find a toxic 
level or relative toxicity. 

In the test a synthetic sewage was 
used, in which 13 g. of lactose broth 
(Difeo) was dissolved in 1,000 ml. of 
distilled water, 5 ml. of this solution 
was placed in a test tube, sterilized, 
and stored until used. When used, 
one 5-ml. tube of sterile broth was di- 
luted to 100 ml. after seeding with 1 
ml. of settled sewage. 

A series of B.O.D. bottles were pre- 
pared, each containing standard dilu- 
tion water, 1 per cent of the synthetic 
sewage, and varying amounts of the 
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metallic salt. The latter was initially 
prepared as a standard solution of such 
strength that 1 ml. would correspond 
to 1 p.p.m. of chromium, copper, nickel, 
ete. Blanks containing only the syn- 
thetic sewage were included in each 
series. 

Using the B.O.D. of the blank as 100 
per cent for that series, the per cent 
recoverable B.O.D. for each concen- 
tration of metal would then be cal- 
culated from the results of the test 
run. Plotting the results of several 
series would present some form of a 
eurve. The curve shown in Figure 1 is 
that for hexavalent chromium. For 
comparative purposes an arbitrary 
point was selected. This was the point 
at which the curve crossed the 50 per 
cent recoverable line. Results of these 
test series gave the values shown in 
Table I. 

Some pH correction was made by 
buffering the dilution water used in 
the standard B.O.D. method (3) but 
as indicated, there were times when no 
buffering was used. In the case of 
zine, the buffer solution was omitted 
to prevent precipitation of zine phos- 
phate. In other cases it was omitted 
in order to find the effect of pH varia- 
tion. 
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FIGURE 1.—Relationship of recoverable B.O.D. to various chromium concentrations. 
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TABLE I.—Concentration of Various Com- 
pounds Required to Affect B.O.D. 
Values by 50 Per Cent 


Compound suffered 


p.m.) 
CrO; Yes 1.0 
CrO; | No 0.9 
K.CrO, | Yes 50+ 
K.CrO, | No 10.5 
CrCl; Yes 0.23 
CrCl; | No 0.18 
HSiF; Yes 50 
H.SiF, No 2.6 
H.SO, No 17.0 
NiSO,-6H,O Yes 16.0 
NiCl.-6H.O Yes 38.0 
Ni(NO;)2:6H,O Yes 64.0 
NiSO,(NH,)2SO, Yes 134.0 
H,BO; Yes 180.0 
ZnSO, No 920.0 
NH, BF, Yes 87.0 
Ala (SO Yes 18.0 
Zn(BF;)>» No 55.0 
NaCN Yes 3.6 
Zn(CN), No 0.75 
CuSO, Yes 0.4 
AgNO; Yes 0.3 


3ostrom (4) has recently shown that 
chromate will not affect the pH to any 
extent whereas a trivalent chromium is 
sufficiently acid to depress the pH in 
spite of the buffered dilution water 
used in B.O.D. analyses. Thus tri- 
valent chromium appears to be more 


toxic than hexavalent. He has also 
shown that hexavalent chromium af- 
fects the apparent dissolved oxygen 


content of any liquid containing chro- 
mium and requires a correction factor 
of 0.461 times the parts per million of 
chromium to be subtracted from the 
apparent dissolved oxygen. These cor- 
rections were not applied in the rela- 
tive toxicity series. 


Pilot-Plant Studies 

Biological Filter 

Plating wastes can be received as a 
shock load or as a continuous load. As 
a shock load, the microorganisms have 
little opportunity to become immune 
to the toxicity of a particular salt. 
It was decided that the shock loading 
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procedure should be applied in the 
pilot-plant studies and the continuous 
loading would be used later. 

Shock loadings were originally ap- 
plied for 24 hr. This was later re- 
duced to 12-hr. and then to 6-hr. pe- 
riods. It was believed that the latter 
period was more representative of 
batch dumping. 

Using 4.0 p.p.m. as a possible toxicity 
point, additions of chromium as CrOg, 
were applied to the pilot plant. Shock 
loads were used and approximately 1 


p-p.m. of chromium was added _ini- 
tially, increasing by 0.5 p.p.m. with 
subsequent loadings. The character- 
istic yellow chromium color became 


visible at a concentration of about 2.5 
to 3.0 p.p.m. At 4 p.p.m. a slight drop 
in plant efficiency was first noted. The 
appearance of the filter stone changed ; 
apparently it lost some of the zoogleal 
growth. higher’ concentrations 
were tried at this time. 


Activated Sludge 


The activated sludge unit had been 
completed and it was planned to op- 
erate the aeration tank in series with 
the filter. It was finally determined 
that the sewage was too weak to sup- 
port both processes and the activated 
process was selected for the 
next study, the filter being taken out 
of operation. 

Additions of chromium as CrOs were 
made at approximately the same con- 
centrations as had been used with the 
filter. In both eases a definite lag was 
noted in purging the plant through 
continued operation between shock 
loads. About 10 days had been re- 
quired to reduce the concentration of 
chromium in the filter plant effluent to 
a trace. The lag was greater for the 
activated sludge process. Examination 
of the activated sludge revealed that 
the concentration of chromium present 
was much greater than the dosage rate. 

For a shock load test, with a theo- 
retical concentration of 10 p.p.m. of 


sludge 
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chromium, the following analytical re- 
sults were obtained with 24-hr. com- 
posite samples: 


Item Chromium (p.p.m.) 
Raw sewage 0.19 
Settled sewage 8.45 
Final effluent 4.38 


The chromium had been added for 
24 hr. Four hours after starting, a 
catch sample of settled sewage had 9.39 
p.p.m. of chromium. This was as- 
sumed to be the maximum rate of ad- 
dition. A catch sample of mixed liq- 
uor at the effluent end of the aeration 
tank was analyzed and gave 2.19 p.p.m. 
and 27.39 p.p.m. respectively of chro- 
mium in the supernatant and sludge. 

Composite samples for the following 
24-hr. period gave 0.28 p.p.m., 0.39 


p-p.m., and 1.88 p.p.m. of chromium in’ 


the raw, settled, and final sewage, re- 
spectively. The chromium reported 
represents total chromium. The chro- 
iium in the raw sewage came from 
spillage since a solution crock and 
feeder were supported on the weir box 
and over the raw sewage influent where 
the plant flows are regulated. 

In a 6-hr. shock load run of two 
weeks, a theoretical addition of 9.6 
p.p.m. of chromium gave an additional 
rate of 6.89 p.p.m. in the settled sew- 
age, and 0.94 p.p.m., 2.24 p.p.m., and 
1.31 p.p.m. in the 24-hr. composite sam- 
ples of raw, settled, and final sewage, 
respectively. The returned sludge con- 
tained 1.75 p.p.m. and the primary set- 
tled sludge had 8.34 p.p.m. of chro- 
mium. The returned sludge sample 
was taken at the final settling tank 10 
hr. after the start of the run, ap- 
parently too soon to show much build- 
up in the sludge. A sample of the 
mixed liquor was not taken during this 
run. 

From other data on these runs it has 
been concluded that a shock load of 10 
p.p.m. for 12 hr., or less, has no detri- 
mental effects on the activated sludge 
process. 
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Sludge Digestion 


The sludge digestion unit of the pilot 
plant is equipped with a sludge heater- 
heat exchanger for uninterrupted op- 
eration, but currently has no gas stor- 
age. Gas generation rates have been 
the most reliable control but cannot be 
determined under the present circum- 
stances. 

However, on a laboratory scale, 
Gemmell (5) demonstrated that 100 
p.p.m. of hexavalent chromium did not 
affect sludge digestion, whereas 500 
p.p.m. had a very definite effect. Due 
to equipment failure he was unable to 
determine the concentration at which 
the effect began. Gemmell concluded 
that it would be somewhere between 
100 p.p.m. and 500 p.p.m., but would 
not approximate any closer limits. He 
did find that analyses of the volatile 
acids content of the sludge could be 
used as an indicator of digester ac- 
tivity relative to toxic effects. 

Sludge from the pilot-plant tests has 
been routed through the digester but 
due to the nature of the plant tests 
it has not built up concentrations 
which would be in the range of Gem- 
mell’s findings. 

Adsorption of the metallic salt by 
the sludge will require further study 
with reference to the functions of con- 
centration, time of contact, and solids 
content of the sludge. 

One run was made in which a stock 
chromium solution was added to 1 1. 
of mixed liquor, aerated for 90 min. 
and allowed to settle for 30 min. The 
supernatant was then analyzed for 
total chromium. Results are shown in 
Table IT. 


Synergistic versus Antagonistic Effects 


Any waste containing plating wastes 
will contain more than one metal. To 
anticipate the behavior of two or more 
metals present together, a study was 
made to observe possible synergistic or 
antagonistic effects. Chromium, cop- 
per, and nickel were selected as the 
metals of a typical combination. 
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TABLE I1.—Total Chromium in 
Digester 


Cr Added Analysis o Solids 

(p.p.m.) (p.p.m.) & p.m.) 
10.1 9.7 3,030 
20.2 18.5 3,100 
30.3 29.7 | 2,910 
40.4 37.9 2,092 
50.5 47.8 | 2,504 


Because of the lack of reproduci- 
bility only general statements can be 
made concerning these studies. 

From Table I the relative toxicity 
values of chromium (CrCls), copper 
(CuSO,) and nickel (NiSO,) are 0.23 
p.p.m., 0.40 p.p.m., and 16.0 p.p.m., re- 
spectively. In a mixture of chromium 
and copper, the chromium was held to 
a concentration of 0.23 p.p.m. and the 
copper was varied. The order was re- 
versed for the second series. In the 
third series both were varied. Simi- 
larly, chromium and nickel, copper and 
nickel, and chromium, copper and 
nickel were studied. 

These mixtures were used with the 
B.O.D. test previously described using 
synthetic sewage as the control in- 
gredient. 

For the chromium-copper system, 85 
per cent of the samples had a trend 
toward an antagonistic effect. Indi- 
vidually, the per cent antagonism was 
generally below 30 per cent and not 
above 44 per cent. 

The chromium-nickel system had a 
definite synergistic trend. The indi- 
vidual per cent of synergism was high 
and the antagonism was low, with 53.4 
per cent of the samples exhibiting syn- 
ergistiec effects. 

The copper-nickel system had ques- 
tionable results and definite conclusions 
could not be made. The tendency was 
toward antagonism. 

In the chromium-copper-nickel sys- 
tem, relatively low antagonistic re- 
sults were obtained in 71.8 per cent 
of the samples. 
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Conclusions 


Definite conclusions are difficult to 
arrive at from the data acquired to 
date. Shock loadings alone have been 
used in the studies. Variations in the 
treatment plant, such as sewage 
strength, sludge concentration, and 
character of the activated sludge or 
the zoogleal growths on the filter, are 
factors that will affect the toxicity 
limit. Heukelekian and Gellman (6) 
have shown some of the effects, using 
manometric apparatus. 

Adsorption and coagulation or zeo- 
lite action, are also evident. Rudolfs 
and Zuber (7) worked on chromium, 
copper and zine to demonstrate these 
phenomena. 

The original concept of the toxic 
limit of the biological processes has not 
changed during these studies and it 
will be that point at which detrimental 
effects result in lowered efficiency of 
the process. 
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Stream Pollution 


COMPUTATION OF POLLUTION IN THE YAQUINA 
RIVER ESTUARY 


By WayYNneE V. Burt anp LOWELL D. MARRIAGE 


Respectively, School of Science, Oregon State College, Corvallis, Ore.; and 
Fish Commission of Oregon, Portland, Ure. 


A proposal to construct a pulp mill 
on the Yaquina River at Toledo, Ore., 
and to discharge the mill wastes into 
the river were the motivating factors 
for a study to determine what the pos- 
sible distribution of pollution in the 
affected waters might be. After the 
study was completed, the decision was 
made to pump most of the mill wastes 
to the ocean. The results of the study, 
however, are of interest in that they 
may be used as a guide for future pol- 
lution studies in the numerous West 
Coast tidal estuaries which are similar 
to the Yaquina River estuary. 


The Yaquina River is located a little 
north of the center of the coast of 
Oregon. Figure 1 shows the specific 
area under consideration. The princi- 
pal towns are Newport, with a popula- 
tion of 3,200, and Toledo, with a popu- 
lation of 2,300 (1950 census). Small 
settlements are located at Yaquina and 
Elk City. A narrow channel with 
average depths of more than 20 ft. at 
mean lower low water runs from the 
ocean to about one mile above Yaquina, 
a distance of five nautical miles. Ap- 
proximately two-thirds of the area of 
the bay below Yaquina is composed of 


FIGURE 1.—Yaquina Bay and River Estuary, with distances up the main channel shown 
in nautical miles. Hypothetical outfall positions are indicated by x’s. 
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sand and mud flats, which are exposed 
at low water. Above Yaquina, the 
bay narrows to become the Yaquina 
River. Channel depths decrease to an 
average of about 10 ft. Only a small 
part of the river area is composed of 
sand or mud exposed at low water. 


Equations for Pollution Distribution 


Stommel (1) has shown that previ- 
ous attempts (2) (3) to study the prob- 
lem of the distribution of pollution in 
an estuary of the type under considera- 
tion in this paper have been restricted 
to the particular estuary under study 
and are not applicable in general to 
other estuaries. 

Stommel formulated a general set of 
two equations for the determination of 
the distribution of pollution which 
should apply to any well-mixed estu- 
ary. The problem is restricted to one 
dimension, the longitudinal axis of the 
estuary running from the ocean up the 
channel to the limit of salt-water in- 
trusion. Stommel’s equations are 
based on the fact that the average 
steady-state distribution of a pollutant 
(averaged over a tidal cycle) is a funce- 
tion of the rate at which the river flow 
carries the pollutant out of the estuary 
and the rate at which turbulent tidal 
mixing carries the pollutant back up- 
stream. At any stage of river flow, 
these two factors or forces tend to 
balance each other into the steady-state 
condition. This is true except at the 
position of the outfall of the pollutant, 
where the rate of entry of the polluting 
material into the system must be con- 
sidered. 

Stommel’s equations are: 


d dC S 
dx (0 ) 


dz t 
d dC S 
dx (ec ‘= + t ‘ $.. (2) 


The z-axis is directed along the axis 
of the channel, positive downstream. 
The term Q C (river flow Q times the 
concentration of the pollutant C) is 
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the flux of the pollutant toward the 
sea. S A dC/dzx (cross-sectional area 
of the estuary S times the coefficient of 
eddy diffusivity A times the concen- 
tration gradient dC/dz) is the net flux 
of pollutant upstream due to tidal tur- 
bulence. The term S C/t (t equals 
1.44 times the half-life of the pol- 
lutant) takes into account the decay of 
the pollutant. The term y is the total 
rate of pollutant supply at the outfall 
in pounds per second. 

Each of these variables, except A in 
Eqs. 1 and 2, is known or ean be meas- 
ured at any given point and time and 
then averaged over a tidal eyele. It 
is assumed the same regime of tur- 
bulenece which determines the fresh- 
water and salt-water mixing also de- 
termines the mixing of these two and 
the introduced pollutant. This makes 
it possible to use Eq. 1 and the fresh- 
water distribution in the estuary to 
determine values of the diffusivity A 
throughout the estuary. 

The average distribution of the pol- 
lutant (over a tidal cyele) can then be 
computed using the known, measured, 
and computed data in Eqs. 1 and 2. 
The solution is carried out by relaxa- 
tion methods after the equations have 
been written in finite difference form. 
Those interested in further details on 
the method are referred to the work by 
Stommel (1). 


Computation 


Stommel’s formulas (Eqs. 1 and 2) 
were used to compute the expected dis- 
tribution of pollution in the Yaquina 
River for typical summer conditions 
with low river discharge and typical 
winter conditions with high river dis- 
charge. For these computations salin- 
ity observations were made during 
August, 1955, when the river discharge 
was 33.5 ¢.f.s., and during February 
when the discharge was 600 ¢.f.s. Dur- 
ing both series of observations rela- 
tively small vertical changes in salinity 
indicated that the estuary was well 
mixed. 
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TABLE I.—Reduced Data Used to Compute the Expected Distribution of Pollution 
in the Yaquina River Estuary 


| August, 1955, Discharge 33.5 c.f.s. February, 1956, Discharge 600 c.f.s. 
5 Eddy- Computational Results Eddy- Computational Results 
Ocean S(r) | Average Diffu- from Eqs. 1 and 2 Averaze Diffu- from Eqs. 1 and 2 
(mile) | (sq. ft.) | Salinity ern Salinity Any 
| p.p.im.) (ea ft | (p.p.m.) (sq ft./ 
Po | Qn | Rn Pn Qn Rn 
— | —_ | 34,400 — — | -- 31.6 — - | — 
0 | 19,000 | 34,100 | 1,062 | —0.002 0 40.002} 31.0 | 9,187 | —4.722| +09.444 | -4.722 
1 | 31,500 | 33,700 633 —0,.004 | +0.006 | —0.002 30.3 5,419 —4.618 | +9.235 | —4.668 
2 | 52,500 33,400 235 —0.006 | +0.011 | —0.005 29.7 3,186 —3.972 | +9.050 | —5.077 
3 | 46,500 | 32.600 176 | —0.011 | +0.020 | —0.010} 29.0 1,775 | —1.303 | +4.417 | —3.024 
4 | 32,000 | 31,890 192 —0.015 | +0.028 | —0.013 27.1 1,230 —0.728 +2.129 | —1.401 
5 | 30,000 | 30,500 138 —0.018 | +0.034 | —0.016 24.0 820 —0.565 +1.331 | —0.766 
6 20,500 | 28,800 153 —0.022 | +0.044 | —0.021 20.0 840 —0.437 | +0.932 | —0.495 
7 | 17,900 | 26,890 138 —0.027 | +0.053 | —0.026 15.5 727 —0.360 | +0.721 | —0.361 
8 | 13,500 | 24,400 153 —0.032 | +0.064 | —0.032 11.3 735 —0.284 | +0.537 | —0.253 
i) | 11,300 | 22,000 162 —0.038 | +0.076 | —0.038 7.2 714 —0.248 | +0.437 | —0.189 
10 8,300 | 19,500 190 —0.043 | +0.085 | —0.042 48 845 —0.209 | +0.379 | —0.170 
11 5,600 | 17,000 251 —0.048 | +0.099 | —0.050 2.2 650 —0.110 | +0.199 | —0.088 
12 | 5,900 | 14,600 201 —0.054 | +0.112 | —0.057 0.4 230 —0.061 | +0.073 | —0.012 
13 | 4,100 | 12,000 240 | —0.062 | +0.134 | —0.071 0.0 0 -- a 
14 2,800 | 9,600* 289 —0.076 | +0.170 | —0.093 — 
15 2,300 | 7,200* 276 —0.094 | +0.224 | —0.130 
16 1,890 5,000* 290 —0.142 | +0.332 | —0.190 _ 
17 1,400 | 3,300* 269 —0.182 | +0.443 | —0.260 _— _ _ - _ 
18 950 | 1,400* 211 —0.257 | +0.667 | —0.410 
19 500 400* 222 | —0.489 | +1.079 | -0.590) — ~ — | - _ 


* Salinity data extrapolated above Mile 14. 


Table I gives the reduced data used 
to compute the expected distribution 
of pollution. These data consist of the 
cross-sectional areas S(x) and average 
salinities for each mile beginning with 
0 at the ocean (Figure 1) and running 
upstream to the limit of salt-water in- 
trusion. The turbulent eddy diffusiv- 
ity A, or A(n), for each cross section 
was computed by use of Stommel’s 
Eq. 6, a finite difference form of Eq. 1 
of this paper. Also given in the table 
are computed values of the coefficients 
Pn, Rn, and Qn, which are used in 
Stommel’s Eqs. 7 and 7a, finite dif- 
ference forms of Eqs. 1 and 2 of this 
paper. The solutions to Stommel’s 
Eqs. 7 and 7a are presented in graphi- 
cal form in Figures 2 and 3. 

The solutions are in the form of 
eurves which show the expected aver- 
age concentration of pollution as it 
varies from the mouth of the river up- 
stream to Elk City. The averaging is 
over a 24-hr. period. Concentration 
units, on the vertical scale of Figures 
2 and 3 are pounds of pollutant per 
cubic foot of water for each pound of 


pollutant introduced into the river 
each second. The horizontal scale on 
the figures is distance in nautical miles 
upstream from the ocean. Hypotheti- 
cal outfall positions for introduction of 
pollution are indicated by X’s on Fig- 
ure 1, and large dots on Figures 2 
and 3. These outfalls were placed at 
the highway bridge, McLean Point, 
Yaquina, Grassy Point, and Toledo. 

Figure 2 shows expected distribu- 
tions of pollution for summer condi- 
tions. The dashed lines represent con- 
centrations for a pollutant with a very 
slow rate of decay; the solid lines rep- 
resent concentrations for pollutants 
with an arbitrarily selected half-life of 
four days. In every case, the single 
curve on the left of each point and the 
lower curve to the right applies to con- 
ditions for the individual outfall. 

The concentrations resulting from 
introduction of material with a half- 
life of four days would be from one- 
third to one-fourth, or less than the 
concentrations for a pollutant with no 
decay. 

It should be noted that concentra- 
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FIGURE 2.—Expected distribution of pollution for summer conditions. 
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tions near the outfall, as well as con- 
centrations upstream from the outfall, 
decrease rapidly as the outfall is moved 
from Toledo toward the ocean. On the 
other hand, concentrations at any given 
point downstream from two or more 
outfalls are independent of the posi- 
tion of the outfalls. 

Figure 3 shows expected distribu- 
tions of pollution for winter conditions 
for a pollutant with very slow decay. 
In this case the vertical scale has been 
expanded to 10 times that used in Fig- 
ure 2. The maximum concentrations 
in the sections near the outfalls have 
decreased by a factor of approximately 
10. Due to the increased river dis- 
charge, very little pollution would 
move above Toledo even with the out- 
fall at Toledo. As the outfall is moved 
seaward, the maximum concentration 
decreases rapidly ; but tidal movement 
in the widening river and bay will 
move the pollution well above the out- 
fall positions. 
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THE OPERATOR’S CORNER 


ConpucTEeD By DonaLp P. ScHIEsswoHL 


1956 SALARY SURVEY OF NEW ENGLAND SEWAGE 
WORKS PERSONNEL 


JoseEPH B. HANton, Chairman, Paut MANTER, JR., JoHN O’SULLIVAN, 
GEORGE CRAEMER, JOHN D. FRAME, AND JOHN R. SZYMANSKI 


New England Sewage and Industrial Wastes Association Operators’ Salary Study Committee 


The New England Sewage and In- 
dustrial Wastes Association Salary 
Study Committee was formed in 1954 
to conduct a survey of current wage 
scales for sewage works personnel, to 
study organizational structures, and 
submit recommendations on their find- 
ings. 

The procedures used and results ob- 
tained by other salary study groups in 
the States of California, Iowa, Ohio, 
Indiana, Pennsylvania, and New York 
were carefully reviewed, in addition to 
the previous salary report of the New 
England Sewage Works Association, 
which was published in 1947 (1). 


Survey 


A questionnaire was prepared that 
would be used to obtain only such in- 
formation believed pertinent to the 
committee’s assignment. This ques- 
tionnaire, which used a uniform classi- 
fication for job titles to identify exact 
duties and responsibilities of each posi- 
tion, was distributed throughout New 
England. To permit a fair comparison 
of all classes of plants, a limited num- 
ber of plants adjacent to and outside 
the New England area were included. 

From a total of 153 questionnaires 
circulated, 76 completed returns were 
received. This was an excellent show- 
ing in view of the difficulties encoun- 


tered by other committees. However, 
it was not accomplished without con- 
siderable effort. Follow-up cards were 
used, personal letters, individual con- 
tacts in some instances, and finally the 
help of the various public health offi- 
cers was enlisted. 


Results 


Plant data, organizations, present 
positions, and current salaries were 
tabulated for Committee study. Spe- 
cial benefits, including paid vacations, 
sick leave, overtime pay, and preva- 
lence of retirement plans were also 
secured for study. Additional miscel- 
laneous information considered impor- 
tant because of its influence on wage 
scales in sewage treatment plants was 
also accumulated. 

Perhaps of greatest importance was 
the reply received to the question: ‘‘Do 
you favor compulsory certification ?’’ 
Approximately 64 per cent answered 
‘*ves,’’? 16 per cent, ‘‘no,’’ and the re- 
maining 20 per cent had no reply. 


Basis of Evaluation 


The problems in evaluating salaries 
for sewage works personnel are many. 
First, it is a specialized field. There 
are great variations in types and sizes 
of plants which are often classified 
alike. These differentials are most 
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prominent in the Grade V, VI and VII 
categories. Positions under similar job 
titles frequently have entirely different 
duties and responsibilities. It is sug- 
gested, therefore, that these points be 
kept in mind when studying the results 
of the survey. 

For salary statistics the U. S. De- 
partment of Labor, the Massachusetts 
Division of Necessaries of Life, and 
the Division of Labor Statistics were 
contacted. Public utility workers in 
gas and electric companies were se- 
lected for comparison with sewage 
works personnel. Both serve public 
utilities and their job classifications are 
identical in many instances. Each 
group requires shift work and, with 
limited exceptions in the sewage treat- 
ment plants, the groups compared are 
productive workers. 


Discussion 


The average weekly wage increase 
between August, 1945 and August, 
1956 for the group of 3,413 workers 
surveyed was 85.76 per cent. The year 
1945 was selected as the base year to 
permit use of the latest available salary 
data as gathered in 1946 by the New 
England Sewage Works Association 
Salary Study Committee (1). Further- 
more, salaries for public utility work- 
ers for that year were in agreement 
with the prevailing cost-of-living wages. 

If the same 85.76 per cent increase 
enjoyed by publie utility workers were 
applied to the 1945 salaries being paid 
sewage works personnel as listed in the 
1946 report, the results would still be 
substantially below the utility group. 
This may be attributed to the fact that 
annual salaries of sewage works per- 
sonnel in the base year were 23 per 
cent lower than the utility employees. 

A comparison of what has happened 
in sewage treatment plants outside of 
the New England area is also possible 
because certain plants were surveyed 
at both times. One of these is the 
Washington, D. C., plant, which had 
the salary increases shown in Table I. 
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TABLE I.—Comparison of 1946 and 1956 


Salaries, Washington, D. C., Sewage 
Treatment Plant. 

Superintendent $6,020; $10,065| 67.2 
Asst. Superintendent | 5.180) 8,645] 66.9 
Chemist 4,300) 7,465) 73.6 
Asst. Chemist 3,640) 6,250/ 71.7 
Laboratory Tech- 

nician 1,968; 3,470) 76.3 
Storekeeper 2,298} 3,925) 70.8 
Chief Operator 3,640} 6,364) 74.8 
Shift Operator 2,870} 5,491) 91.3 
Engineman—Oiler 1,902} 3,994} 110.0 
Laborer 1,590} 3,120} 96.2 
Maintenance Engi- 

neer 3,640} 6.364] 74.8 
Machinist 2,690} 4,929) 72.1 
Clerk—Stenographer | 2,100) 3,685] 75.5 
Chauffeur 1,750} 3,952) 97.3 
Bacteriologist §,335| — 


* Total number of employees increased from 
75 to 94 during the period. 


The Washington, D. C., salaries are 
in agreement with 15 other major 
Grade VI and VII plants recently sur- 
veyed throughout the United States. 
These plants showed maximum average 
annual salaries of $10,502 for the first 
position, and $8,299 for the second po- 
sition. 

With but few exceptions, current 
wages paid in the New England plants 
continue to be sub-standard. Out of 
629 positions, 161 (26 per cent) receive 
annual salaries of less than $3,000, 
hardly a living wage for the year 1956. 
The annual average salary for 136 
plant operators in 48 different plants 
throughout New England was $3,524.50. 
Furthermore, 79 per cent of the plants 
surveyed reported all maintenance 
work done by plant force. 

It is recognized that this field of 
work attracts individuals who desire a 
degree of security. The work is spe- 


cialized and not always pleasant in 
nature, 

Many of the plants are under Civil 
Service, which requires that preference 
in promotions be given to employees in 
the lower grades. 


With or without 
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\ 
‘ 
| 


1392 


Civil Service, it is in the public interest 
to attract the highest type of indi- 
vidual in the beginning and to retain 
him as he advances in grade and ex- 
perience. To accomplish this, the com- 
mittee recommends that in every case 
the basic salary for a particular posi- 
tion be commensurate with that paid 
by the public utility serving the area. 
Furthermore, the salary shift differen- 
tials for other than the day shift should 
be paid; the amount based on indi- 
vidual duties and responsibilities in- 
volved. 

In the New England area the returns 
from the questionnaire show that edu- 
cational requirements are open with 
but few exceptions. Where Civil Serv- 
ice is in effect, ability to pass the pre- 
scribed examination tor ile position is 
the entrance requirement. Seventeen 
plants reported certification as a con- 
dition of employment for superintend- 
ent and/or operator position. Based 
on these results, it is the opinion of 
this committee that high educational 
requirements or equivalent training 
and experience cannot be rigidly set 
or justified until such time as definite 
entrance requirements and/or com- 
pulsory certification, administered by a 
recognized supervisory agency, are es- 
tablished. 

Classifications 


The classifications of sewage treat- 
ment plants used in the following 
recommended wage scales are similar 
to the proposed grades now under con- 
sideration by the Commitee on Certi- 
fication of the New England Sewage 
and Industrial Wastes Association 
(Appendix I). Both committees are 
aware of the difficulties encountered 
when attempting to apply the existing 
classifications throughout the range of 
plants located in New England. The 
need for a more accurate simplified up- 
to-date method of classifying plants is 
apparent. 

Something had to be done to close 
the range between the small town com- 
plicated plant which previously quali- 
fied as a Class A plant and the large 
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plants, equally complicated but serving 
one or several cities. Under the new 
system of grading plants, a much closer 
and more accurate classification with 
appropriate wage scales will be pos- 
sible for each size and type of plant. 


Recommendations 
Plant Classifications 


The minimum annual starting sal- 
aries recommended for qualified sewage 
treatment plant superintendents and 
operators are based on classification of 
the sewage treatment plants as follows: 

Grade I Plants 

1. All plants serving up to 5,000 
population, except those employing 
chemical precipitation or activated 
sludge. 

2. Those plants serving up to 15,000 
population which do not employ any 
of the following: 


a. Separate sludge digestion with 
gas collection. 

b. Mechanical dewatering or sludge 
incineration. 

e. High-rate trickling filters. 

d. Highly mechanized or specialized 
methods of sewage treatment. 

e. Chemical precipitation.* 

f. Activated sludge. 


Grade II Plants 


1. Those plants serving under 5,000 
population employing chemical precipi- 
tation or activated sludge. 

2. Those plants serving 5,000 to 
15,000 population employing one or 
more of the methods, 2a through 2d, 
for Grade I plants. 

3. Those plants serving 15,000 to 
50,000 population which do not employ 
any of the methods, 2a through 2f, 
for Grade I plants. 


Grade III Plants 


1. Those plants serving 5,000 to 
15,000 population employing chemical 
precipitation or activated sludge. 
~ *To obtain B.O.D. removals in excess of 


70 per cent and suspended solids removals in 
excess of 80 per cent, from raw sewage. 
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2. Those plants serving 15,000 to 
50,000 population employing one o: 
more of the methods, 2a through 2d, 
for Grade I plants. 

3. Those plants serving 50,000 to 
100,000 population which do not em- 
ploy any of the methods, 2a through 
2f, for Grade I plants. 


Grade IV Plants 


1. Those plants serving 15,000 to 
50,000 population employing chemical 
precipitation or activated sludge. 

2. Those plants serving 50,000 to 
100,000 population employing one or 
more of the methods, 2a through 4d, 
for Grade I plants. 


Grade V Plants 


1. Those plants serving 50,000 to 
100,000 population employing chemical 
precipitation or activated sludge. 

2. Those plants serving 100,000 to 
200,000 population employing one or 
more of the methods, 2a through 2d, 
for Grade I plants. 


Grade VI Plants 


1. Those plants serving 100,000 to 
200,000 population employing chemical 
precipitation or activated sludge. 

2. Those plants serving 200,000 to 
500,000 population employing one or 
more of the methods, 2a through 2d, 
for Grade I plants. 


Grade VII Plants 


1. Those plants serving 200,000 to 
500,000 population employing chemical 
precipitation or activated sludge. 

2. All plants serving more than 
500,000 population. 


Salaries 


The recommended minimum starting 
salaries for qualified sewage treatment 
plant superintendents and operators 
are given in Table II. 


Certification 


Where a program of operator certi- 
fication has been established, there re- 
portedly have been improvements in 
the quality of plant operation and in 
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TABLE II.—Recommended Minimum Annual 
Starting Salaries 


Salary ($) 
Plant Classification 


| 
| Superintendent 


(Grade) 
Operator 
I 3,900 3,900 
Il 4,400 4,100 
Ill 5,100 4,300 
IV 6,100 4,600 
V 7,200 5,000 
VI 8,500 5,400 
VII 10,500 6,100 
salaries. The committee favors a pro- 


gram of compulsory certification for 
supervisory personnel. Such a pro- 
gram should be sponsored by a respon- 
sible organization. 


Training Programs 


In-service training programs spon- 
sored and financed by the employing 
agency are recommended as the. best 
means of preparing employees for in- 
ereased responsibility and advance- 
ment in the specialized field of sewage 
treatment. In particular, attendance 
is advocated at special short courses 
for sewage plant operators, which are 
offered by many state public health de- 
partments. 


Future Surveys 


It was apparent to the committee 
that future salary surveys should be 
conducted at two-year intervals. If 
adopted, this practice would show to a 
degree the value of the present studies 
and indicate the effectiveness of any 
certification program that might be 
undertaken. 
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APPENDIX I—PROPOSED QUALIFICATIONS FOR 
NEW ENGLAND SEWAGE WORKS PERSONNEL * 


Six grades of operators are proposed 
to be established to parallel the previ- 
ously described classification of plants, 
not including, however, Grade VII 
plants. Those officials responsible for 
appointment of an individual to su- 
pervise operation of a Grade VII plant 
will find men qualified for such posi- 
tion among the ranks of those certified 
as Grade VI operators. 

Grade I certified operators shall be 
considered as qualified to supervise op- 


eration of Grade I plants; Grade II: 


certified operators shall be considered 
as qualified to supervise operation of 
Grade II plants, ete. Operators work- 
ing under the supervision of the super- 
intendent, and who normally have 
charge of, or perform important op- 
erating functions will be expected to 
hold certification at least as high as two 
grades below that required of the su- 
perintendent. 


General Requirements 


Applicants in all classifications shall 
meet the following general require- 
ments: 

1. Be in satisfactory physical condi- 
tion. 

2. Be able to read 
English language. 

3. Produce evidence of satisfactory 
completion of educational courses avail- 
able and recognized by the Certification 
Committee consistent with the grade 
applied for. 

4. Be able to maintain desirable logs 
and records of operation and mainte- 
nance in a treatment works of classifi- 
cation consistent with the grade ap- 
plied for. 

5. Produce evidence satisfactory to 
the Certification Committee of ability 


* Prepared by the New Enceland 
and Indvrstrial Wastes Association Volrntary 
Operators’ Certification Committee; Walter 
M. Kunsch, Chairman, Thurman W. Dix, 
Clarence V. Hickey, Thomas A. La Cava, 
Richard M. Power, and Edwin M. Thayer. 


and write the 


Sewage 


and experience in handling men and 
dealing with the publie to a degree 
consistent with the requirements of the 
grade applied for. 

6. Produce evidence satisfactory to 
the Certification Committee of (a) 
satisfactory moral character, (b) in- 
tegrity, (c) ability to cooperate with 
others, and (d) industriousness, initia- 
tive and judgment to a degree neces- 
sary to secure satisfactory operating 
results. 


Educational Requirements 


Education may be substituted for a 
portion of the experience as required 
and to the degree indicated here: 


1. Grade I—no substitution. 
2. Grades II, III, IV, V, and VI as 
given in Table III. 


Also, various other educational at- 
tainments will be considered as experi- 
ence to the degree adjudged proper by 
the Certification Committee. 


TABLE III.—Education Substitute 
for Experience 


| on 
Experience 
Equivalent 

(years) 


Education 


High school graduation 


B.S. in sanitary, chemical or public | 
health engineering 

B.S. in civil, mechanical or electri- 
cal engineering 

B.S. in chemistry or bacteriology 

B.S. In other fields 


Operator Classifications 
Grade I Operator 


All applicants for this grade must 
submit satisfactory evidence of at least 
two years of experience in responsible 
charge or in operation of a plant in 
this, or higher grade. Educational at- 
tainment shall be satisfactory to the 
Certification Committee. 
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Grade II Operator 


All applicants for this grade must 
submit satisfactory evidence of at least 
four years of experience in responsible 
charge of a plant in Grade I or higher; 
or of four years of experience in opera- 
tion of a plant in Grade III or higher; 
and must submit satisfactory evidence 
of mechanical or chemical aptitude. 
Higher education may be substituted 
for no more than three years of experi- 
ence. 


Grade III Operator 


All applicants for this grade must 
pass a Grade III examination, must 
submit satisfactory evidence of at least 
six years of experience in responsible 
charge of a plant in Grade II or 
higher; or of six years of experience 
in operation of a plant in Grade IV 
or higher; and must at least be a grad- 
uate of elementary school (8 grades 
completed) with mechanical or chemi- 
eal aptitude. Higher education may be 
substituted for experience to the de- 
gree indicated under Educational Re- 
quirements. 


Grade IV Operator 


All applicants for this grade must 
pass a Grade IV examination, must 
submit satisfactory evidence of at least 
eight years of experience in responsible 
charge of a plant in Grade III or 
higher ; or of eight years of experience 
in the operation of a plant in Grade V 
or higher; and must have an education 
equivalent at least to that of a high 
school graduate, which mechanical and 


Accidents are preventable! Through 
ignorance or misunderstanding many 


* Presented at the 1957 Annual Meeting, 
California Sewage and Industrial Wastes 
Assn.; San Diego, Calif.; May 1-4, 1957. 
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By E. L. Macponatp, Jr. 
Sewage Works Supervisor, East Bay Municipal Utility District, Oakland, Calif. 
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chemical aptitude. Higher education 
may be substituted for experience to 
the degree indicated under Educational 
Requirements. 


Grade V Operator 


All applicants for this grade must 
pass a Grade V examination, must 
submit satisfactory evidence of at least 
10 years of experience in responsible 
charge of a plant in Grade IV or 
higher, or of at least 10 years of experi- 
ence in the operation of a plant in 
Grade VI category, and must have an 
education at least equivalent to that 
of a high school graduate, with mechan- 
ical and chemical aptitude. Higher ed- 
ucation may be substituted for experi- 
ence to the degree indicated under Ed- 
ucational Requirements. 


Grade VI Operator 


All applicants for this grade must 
pass a Grade VI examination; must 
submit satisfactory evidence of at least 
12 years of experience in responsible 
charge of a plant in Grade V or VI; 
must have a college education with 
Bachelor’s degree in one of the fields 
for which four or more years of ‘‘ex- 
perience equivalent’’ is allowed, except 
under those unusual circumstances 
where self-education of an individual 
ean be accepted as a satisfactory sub- 
stitute by the Certification Committee ; 
and must have a high degree of 
mechanical and chemical aptitude. 
Higher education may be substituted 
for experience to the degree indicated 
under Educational Requirements. 


persons believe an accident to be the 
result of fate. This belief is untrue 
in that it fails to consider the cause 
and effect of accidents. In other words, 
accidents do not occur without a cause. 
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The process of identifying, isolating, 
and controlling these causes is the key- 
stone of accident prevention. Progress 
is being made in controlling some nat- 
ural elements which cause accidents. 
It is only such accidents as are caused 
by lightning, storms, and floods which 
are difficult or practically impossible to 
prevent. These accidents comprise 
only a small percentage of the total 
number of all the accidents and are 
rightly classified as being ‘‘Acts of 
God.”’ 

A preventable accident may be 
traced to causes originating in the 
heredity and early environment of the 
individual. These causes may appear 
as actions which make the worker ac- 
cident prone. No matter how good an 
accident prevention program is, an ac- 
cident prone worker is difficult to han- 
dle. 

The elimination of unsafe acts and 
unsafe conditions, offers a simple and 
effective means of preventing accidents. 
Three facts about unsafe acts and con- 
ditions are that they: 


1. Usually can be anticipated. 
2. Are easily identified. 
3. Can be eliminated upon discovery. 


For these reasons, all practical accident 
prevention measures must be designed 
to prevent or eliminate unsafe acts and 
unsafe conditions. 


Safety Engineering 


Engineering methods must be em- 
ployed to prevent or eliminate unsafe 
conditions. The design, construction, 
installation, and maintenance of equip- 
ment and facilities must follow safe 
engineering practices. Unsafe condi- 
tions already existing may be elimi- 
nated through mechanical revision or 
structural modification. Engineering 
devices can be developed to correct un- 
safe conditions and in some eases to 
prevent unsafe acts. In general, safety 
engineering makes a safe working area 
to the extent that a minimum of physi- 
eal hazards exist. 
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Safety engineering prevents acci- 
dents in numerous ways, depending on 
the nature of the hazards. It makes 
use of scientific principles to make a 
work area safe. The four basic ways 
to accomplish this are: replacement, 
elimination, revision, and relocation. 
Machine guards, automobile brakes, 
traffic signals, pressure relief valves, 
and hand railings are varied examples 
of engineering for safety. 


Safety Education 


Safety education is one of the most 
important phases of accident preven- 
tion. Through safety education safe 
attitudes are developed. It is essen- 
tial that the safety consciousness de- 
veloped through education be supple- 
mented by instruction in safe habits, 
practices, and skills. Safety education 
ean help prevent those types of acci- 
dents that cannot be controlled by engi- 
neering, supervision, or enforcement. 
A safety program will be no better 
than safety education. 

The most important advantage of 
safety education is that it develops a 
safety consciousness in the employee, 
which when properly instilled will 
sause the employee to act safely even 
without safety devices. In a sense, 
each accident points out a deficiency 
which should have been corrected. 
Many of these deficiencies cannot be 
eliminated by any other means except 
safety education. 

A safety education program must 
be based on sound methods and di- 
rected specifically at the hazards most 
important to a particular group of 
workers. After specific instruction, the 
program should be devoted to general 
safety topics. Methods will vary de- 
pending on the work. Lack of facili- 
ties, instructors, or time may be limit- 
ing factors. 

Safety meetings should be scheduled 
so that they conflict as little as possible 
with the normal plant operation. 
Plant personnel can be used as instruc- 
tors in large plants. In small plants 
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the responsibility rests with the super- 
intendent ; he must understand his sub- 
ject. Visual aids, such as mock-ups, 
moving pictures, slides, charts, dia- 
grams and blackboards can be used ef- 
fectively. All pertinent points should 
be demonstrated while being discussed. 
Worker participation in the demonstra- 
tions is desirable. Bulletins, pamph- 
lets, or other material that benefits the 
accident prevention program should be 
circulated among the staff. 


Training 

Training is a part of education, ae- 
tually being a specialized form of edu- 
cation used to prepare a worker for a 
specific activity. Proper training will 
enable a worker to work safely without 
constant supervision. The worker 
must receive specific instructions so 
that he will be fully aware of the haz- 
ards involved and will know how to 
eliminate them. 

Safety training must be carried out 
concurrently with job training. Safe 
habits, learned as an essential part of 
the job, will help prevent accidents. 
Safety practices must be incorporated 
into regular job training methods and 
the required training must be carefully 
planned around the particular job. To 
do this the job must be analyzed with 
particular attention to the hazards in- 
volved. 

Some hazards can be eliminated by a 
revision of the operating instructions. 


Those hazards remaining can be 
guarded against by safe operating 


practices. Consider the worker. What 
are his personal qualifications? Is he 
equipped to do the job safely, or must 
he have special training? Instruction 
must be planned so that the worker 
is impressed with the importance of 
safe habits and practices under actual 
working conditions. In order that 
crews are trained to handle emergen- 
cies as they arise, it will be necessary to 
simulate certain emergency conditions. 
Important procedures must be empha- 
sized and repeated if not clearly under- 
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stood. A clear understanding of the 
reasons for particular safety practices 
is essential. Follow-up checks should 
be made, and additional training or re- 
training provided whenever necessary. 

Without competent supervision some 
laxity of safety standards will result. 
Supervisors must provide continuing 
instructional assistance and guidance 
to workers. This assistance and guid- 
ance will be of great value in con- 
trolling unsafe acts and conditions. 

All supervisors must have sufficient 
authority to require compliance with 
safety standards where necessary. All 
safe practices must be adhered to by 
the worker. When a worker fails to 
comply with safe practices, although 
aware of them, the supervisor must 
then resort to means of enforcement. 
In principle, enforcement is an unde- 
sirable accident prevention control. 
The use of enforcement may indicate 
a deficiency in engineering, education, 
training, or supervision. However, en- 
forcement may prove effective where 
other controls fail. If the training is 
good and the habits well developed the 
workers will work safely with or with- 
out supervision. 


Supervision 


Some supervisory personnel are in- 
clined to fix blame rather than to elim- 


inate the cause of the accident. This 
type of approach will result in ‘‘cover- 


ing-up’’ tendencies by the employee. 
This behavior can be very detrimental 
to an accident prevention program. 
Cause will usually indicate blame, if 
any. Only after eliminating the haz- 
ard and providing proper training 
should enforcement be considered. The 
important principles of safety super- 
vision are to: 

1. Establish standards. 

2. Plan programs. 

3. Correct violations. 

4. Study causes of violations. 


Accident prevention controls cannot 
be applied effectively with hit or miss 
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methods. Engineering, training, su- 
pervision, and enforcement measures 
must be based on factual evidence. It 
is essential that all the facts relating to 
unsafe acts, unsafe conditions, and ac- 
cidents be collected and studied to de- 
termine which method will prove most 
valuable. 


Accident Data 


All information related to unsafe 
acts, unsafe conditions, and accidents 
should be carefully recorded to facili- 
tate use. Recording these facts only 
is of little value in accident prevention 
work. The use of data is the basic 
principle of accident prevention. The 
gathering of facts must be a continu- 
ous task of all personnel. Data may 
be obtained by accident investigations, 


One of the most important functions 
performed by personnel responsible for 
the maintenance and operation of any 
sewer system is the job of interior in- 
spection. This work is done to de- 
termine the existing condition in the 
system and, when trouble develops, to 
ascertain what the problem may be. 
As a sewer line becomes older, many 
physical changes take place; deteriora- 
tion of the interior surface, misalign- 
ment due to poor construction or 
trench preparation, failure of the 
joints with consequent excessive ground- 
water infiltration, and numerous other 
conditions. These eventually cause 
trouble or even complete failure of cer- 
tain sections of the sewer. Sooner or 


later it becomes necessary to make a 
detailed inspection of the interior. 
Sometimes it is possible to make an 
interior inspection without undue diffi- 
eulty—particularly in modern systems 
which have been constructed with these 
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safety inspections, and 
conversations. 

It should be restated that accident 
facts are worthless if stored in files. 
Accident facts must be analyzed to try 
to find conclusions that may be used 
in the accident prevention program. 
Any suitable method may be used to 
focus attention on the unsafe acts. The 
analysis may be restricted somewhat by 
the type of organization. However, 
regardless of the size of the organiza- 
tion all accidents should be studied. 
The conelusions derived from accident 
data will help in planning a long 
range program. If the conclusions are 


conferences, 


sound, the attack well planned, and the 
corrective measures effective, the acci- 
dent prevention program will succeed 
and accidents will be reduced. 


needs in mind 
which 


In some older systems, 
have been in service 30 to 40 
years or longer, little thought seems to 
have been given at the time of con- 
struction to future needs with respect 
to maintenance, inspection, and clean- 
ing. In such eases, the task of interior 
inspection may be very difficult. 
Inability to obtain satisfactory or 
conclusive results is due, in many in- 
stances, to the existence of physical fac- 
tors not anticipated or beyond the con- 
trol of the person making such an in- 
Even under normal con- 
ditions, however, the investigator is not 
always satisfied with what he has ob- 
served. 


vestigation. 


As one of them said, when told 
he should be able to look up a pipe at 
least 100 to 200 ft., ‘‘ You may be look- 
ing, but you sure aren’t seeing.”’ 

Some of the factors which may pre- 
vent a successful interior investigation 
are the following: 
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1. Distant spacing of manholes. In 
some large interceptor sewers, which 
have been in service for many years, 
the distance between manholes may be 
as much as 2,500 ft. 

2. Curves in the line. In some old 
lines there are many curves, necessi- 
tated by drainage or easement prob- 
lems, which unfortunately may be just 
adjacent to an existing manhole. 

3. Haze or steam in the lines, caused 
by ground fog or hot discharges into 
sewer lines. 

4. Bad atmospheric conditions. 

5. Poor light. 

6. Poor construction of many man- 
holes which makes it difficult or impos- 
sible for the investigator to position 
himself within the area available. 


Photographic Method 


The answer to most of these prob- 
lems is a better way of seeing which 
is not, ‘‘just looking.’’ Interior pho- 
tography of sewers seems to offer such 
a method of inspection which is both 
effective and practical. Also, when it 
is considered in relation to the original 
cost of sewer line construction, the 
method would appear to be economical 
as well. 


FIGURE 1.—A camera boat used to photograph interiors of large-diameter sewers. 
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The use of photography for the pur- 
pose of sewer inspection is relatively 
new, going back no further than two 
or three years. These same years, 
however, have seen so much technical 
advancement in the development of 
photographic materials that it is now 
possible to obtain excellent results in 
the photographing of sewer lines. 
Many problems peculiar to this use of 
photography, which caused great diffi- 
culty in the early years, have been 
satisfactorily solved by redesign of the 
necessary equipment. 

This new tool can be advantageously 
used by the engineer to obtain a clear 
evaluation of the interior condition of 
many lines. With it he can: 


1. Examine the condition of the 
joints for possible misalignment. 

2. Observe the condition of interior 
surfaces to determine the amount of 
corrosion which exists. 

3. Locate with great accuracy the 
position of house connections and lat- 
erals at the point of entrance into the 
main pipe. 

4. Pinpoint weak spots, through 
study of the small thread-like cracks 
which may appear in the photographs, 
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and determine their significance by air 
testing and other methods. 


Equipment 


Many types of camera boats are used 
and designs are constantly being im- 
proved. Figure 1 is a photograph of a 
boat which has been successfully used 
in the examination of relatively large 
sewer lines. 

A number of variations of the cam- 
era boat have been developed. In some 
the camera and light, which are housed 
as a unit, are pontoon-mounted with 
the battery units located under the top 
housing. The upper surface of the 
front part of the boat is painted black 
to stop reflection. Glass, in front of 
both the light and the camera is kept 
elear of condensation by the heat of 
the illuminating light. The illumina- 
tion is a stroboscopic light which is en- 
eased in a leak-proof box. Front and 
rear tag lines may be used to guide 
the boat in a straight line, preventing 
side-sway and providing an additional 
safeguard in permitting withdrawal of 
the boat in the event of trouble. 

Figure 2 shows the actual appear- 
ance of a torpedo-type camera boat, 


FIGURE 2.—Torpedo-type camera boat 
(A) and an early model photographic unit 
(B). 
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plus a photograph of a one-piece photo- 
graphic unit which was used in the 
early days of sewer line photography. 
The torpedo-like hulls of the boats used 
in smaller are usually con- 
structed of stainless steel and fiber- 
They are very durable and can 
take much hard usage. 

For use in larger sewers, a torpedo- 
type hull may be constructed of sty- 
rene, a light but bouyant material. 
The illuminating light and reflector, lo- 
eated in the front of the boat, and the 
“amera, mounted in the rear, are both 
activated by dry batteries located un- 
der the sealed area in the center of the 
ship. The cameras, which are con- 
stantly being improved, are already 
eapable of taking pictures of a full 
180° field of vision and using color 
film. 


sewers 


glass. 


Operation 


A light but durable A-frame type of 
hoist, containing a cable drum suffi- 
cient in size to hold 4,000 ft. of water- 
proof, plastie-coated cable of high ten- 
sile strength, is positioned above the 
entrance to the upstream manhole 
(Figure 3). The camera boat is then 
lowered and placed in the flow of the 
sewer. One end of the plastic cable 
is then connected to the boat by means 
of a cannon-plug type socket. The 
eable is passed over a small 12-in. 
pulley drum to which a footage-count- 
ing device is connected. The cable 
drum may then be reeled out to per- 
mit the camera to travel the desired 
distance without any further prepara- 
tion. Sometimes, when the velocity of 
the flow is so slow that it fails to move 
the camera at the desired speed, a sec- 
ond hoist is positioned over the down- 
stream manhole and used to pull the 
unit through the line at the desired 
speed. This conserves time and pro- 
vides an additional safety factor. 

The camera is activated by pressing 
a contact-type button arranged on the 
hoist. This button activates the device 
situated in the camera boat and an ex- 
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FIGURE 3.—Diagram of sewer photography procedure. 


posure is made. Then the cable is 
reeled out the desired distance and 
the performance is repeated. A record 
of the position of the photographic 
equipment in the sewer line is recorded 
through an accurate footage-metering 
device which enables the operator to 
know at what position in the sewer 
each photograph was taken. This rec- 
ord can then be outlined on a profile 
sheet to enable the engineer to pinpoint 
on the surface the physical location of 
any particular photographed area. 

When feasible, it is recommended, as 
an additional safety measure, that a 
sewer ball be passed through the line 
prior to photographie inspection. 


Los Angeles Experience 


Portions of the Los Angeles sewer- 
age system have been in use for many 
years and a variety of ills have begun 
to beset them. In many of these lines 
physical inspection is virtually impos- 
sible and unsatisfactory at _ best. 
Therefore, it was decided to make a 
photographie inspection of some of the 
affected areas. Two companies spe- 


cializing in the work were employed. 
Each had developed its own equipment 
and appurtenant methods of operation. 
Both were able to supply excellent pic- 
tures, in black and white and in color, 
which were extremely helpful in eval- 


uating the present condition of the 
sewers inspected. 


Problem Area 


The immediate situation which pre- 
cipitated the decision to obtain the 
services of an organization having suit- 
able photographic equipment was con- 
cern about a particular section of line. 
An adjacent city discharges its sewage 
into one of the larger Los Angeles 
trunk sewers through a foree main 
which terminates in the large sewer 40 
to 50 ft. downstream from the nearest 
manhole. The discharge of large quan- 
tities of raw sewage at right angles to 
and above the normal flow of the 
trunk sewer resulted in considerable 
turbulence and in the release of hy- 
drogen sulfide gases. Previous experi- 
ence indicated that immediate attack 
does not always oecur under such cir- 
cumstances but that instead there may 
be deterioration in the line downstream 
from the point of entry. 

Visual inspection revealed some evi- 
dence of attack around the end of the 
pipe and on the wall opposite the dis- 
charge but this did not appear to be 
of a serious nature. However the 
sewer was of rather shallow depth and 
located under a heavily traveled road- 
way subject to considerable vibration 
by heavy truck travel. It was felt 
that, if gas deterioration was severe 
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in the portion of the line which could 
not be inspected visually, complete col- 
lapse of the pipeline was a real possi- 
bility. So, even though the tile at 
the lower manhole appeared to be in 
good condition and the construction 
plan indicated sufficient original thick- 
ness of wall, it was decided that in- 
terior photographic inspection was in- 
dicated. 

The line in question was a 60-in., 
semi-elliptical, tile-lined sewer, flowing 
better than half full at peak flow. 
Prior to launching the camera boat, the 
periodic discharge of sewage from the 
force main was determined in order to 
ensure the best possible conditions 
within the sewer at the time photog- 
raphy was undertaken and to eliminate 
unnecessary problems while floating 
the camera downstream. The whole 
process of taking pictures of this sec- 
tion of line, once the boat was launched, 
required only a few minutes. No un- 
expected problems were encountered 
and few should be expected if the pro- 
gram has been well planned and any 
unusual physical difficulties in the line 
have been predetermined. 


Results 


Photographs of excellent quality 
were obtained, in both black-and-white 
and color. Examination of these indi- 
cated: 


1. Poor construction work in joining 
the force main to the trunk sewer. 
The hole was made by use of a jack 
hammer with the result that adjacent 
tile was knocked off, exposing the con- 
erete wall to attack by sewer gases. 
This haphazard method of making such 
a connection has been eliminated as a 
result of the picture taken of this con- 
dition ; contractors are now required to 
core the opening and place protective 
material around the edge of the enter- 
ing pipe. 

2. No serious deterioration of the 
pipe immediately downstream from the 
discharge. 
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3. Beginning of deterioration, as a 
result of the released gases, at a point 
slightly farther downstream. Some 
tile liners were lost and some destruc- 
tion of the exposed concrete was noted. 

4. Severe deterioration at the next 
point of observation. No tile remained 
and only a part of the original lugs 
were to be seen, indicating fairly deep 
penetration of the outer concrete wall. 

5. Extreme deterioration farther 
along the line. No lugs remained on 
the tile, indicating penetration at least 
2 to 4 in. in depth. 

6. Improvement in the condition of 
the interior as the lower manhole was 
approached. The tile face showed 
some slight spalling but, in general, the 
condition of the line appeared satisfac- 
tory. 


As a result of these pictures the zone 
of deterioration was clearly ascer- 
tained. With this knowledge it was 
possible to know with exactness the 
remedial steps which should be under- 
taken. <A series of core holes were 
drilled through the concrete lining 
from the surface of the street to de- 
termine its precise thickness in case 
repair was needed. In addition, the 
entrance of the force main to the sewer 
was redesigned to minimize the tur- 
bulent discharge. 

The detailed report made on the 
conditions found in the sewers photo- 


FIGURE 4.—Interior of a 27-in. sewer. 
Note high and low flow lines. 
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FIGURE 5.—Tuberculation 


graphed would not be of general in- 
terest but one or two of the photo- 
graphs made can be reproduced here 
as an indication of the results which 
may be expected from such a survey. 


FIGUR 


E 6.—Cave-in of a 17-in. sewer line. 
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in a 27-in. cast iron sewer line. 


Figure 4 is a photograph of a 27-in. 
line showing the high and low flow 
lines. Figure 5 shows tuberculation in 
a 27-in. cast iron pipe sewer line. The 
knobs and incrustation shown indicate 
the extent of tuberculation that has 
taken place during the life and use of 
the pipe. The information obtained 
from this and other pictures of the 
area, incidentally, formed the basis for 
a report requesting its immediate re- 
placement. 

Figures 6, 7, and 8 are shots of the 
interior of a 17-in. vitrified clay sewer 
pipe. Figure 8 shows a house con- 
nection. 


Color Photography 


It is unfortunate that it is not pos- 
sible in this paper to reproduce sam- 
ples of the many color photographs and 
slides which were made of the Los 
Angeles sewers. It is important to em- 
phasize that these make available data 
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FIGURE 7.—Interior view of a 17-in. sewer line. 
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FIGURE 8.—Photograph of a 17-in. clay pipe sewer showing joints and a 
house connection. 
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TABLE I.—Cost of Film Purchased and 
Processed by Owner of the 
Photographic Unit * 


Black-and-White | Color 
Per Frame | Per Foot Per Frame Per Foot 
(8) (8) ($) 
0.03 | 0.24 | 0.20} 1.62 


* Costs include initial cost of film, processing, 
positive projection print, structural analysis of 
pictures, and mailing. 


which cannot be obtained from black- 
and-white photographs. They enable 
corrosion engineers to analyze the re- 
corded color differentials and deter- 
mine the type and quantity of the or- 
ganic slimes existing on the photo- 
graphed surfaces. Bacterial corrosion 
is an ever-increasing problem and can 
effect incalculable damage. 


Costs 


Presumably costs of interior sewer 
photography vary with the organiza- 
tion employed and the community in 
which the sewer is located. The neces- 
sary equipment for making photo- 
graphic sewer surveys may be leased 
by the month or by the year. 

One California company puts the cost 
of leasing at about $100 per month or 
$1,200 per year. This cost includes 
complete instruction in the operation 
and care of the unit. The purchase 


TABLE II.—Complete Cost of Photographic 
Survey Done Entirely by Outside 


Organization 
Diameter of Black-and-White Color 
ine Film Film 
(in.) ($/sewer mile) ($/sewer mile) 
8 158.40* 1,069.20* 
17-27 31.68T 214.04f 
27-36 15.84f 106.92t 
36-64 | 10.56** 71.28** 


SEWER PHOTOGRAPHY 


* Based on one exposure per foot. 

+ Based on one exposure every 5 ft. 

t Based on one exposure every 10 ft. 
** Based on one exposure every 15 ft. 
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and processing of film and the cost of 
other supplies would, of course, be in 
addition to the rental. If film is pur- 
chased and processed by the lessor of 
the unit, the costs quoted by this com- 
pany as of June, 1957, are as given in 
Table I. 

Table II gives cost of sewer photog- 
raphy in sewers of various dimensions 
if the work is done entirely by the 
organization owning the equipment. 


Conclusions 


The use of photography as a tool 
for the interior inspection of sewers is 
of demonstrated value. Obviously, 
however, the value of this new tech- 
nique must be balanced against the 
economie factor involved. In some 
cases the cost will necessarily be high, 
especially when information is desired 
about short distances of line. Even 
in such instances, however, these costs 
may not be excessive when compared 
with all the costs involved in other 
more laborious methods of inspection— 
which may be less effective and cer- 
tainly do not provide the advantage of 
having a permanent visual record. 

The photographie method of pipeline 
inspection has great merit and posses- 
ses almost unlimited possibilities. Its 
use should be given serious considera- 
tion by all personnel responsible for 
sewer line maintenance. In cities where 
funds for this purpose can be provided, 
it would be advantageous to set up a 
program of picture taking to provide 
periodic checking of suspected lines to 
determine progressive deterioration. 


Acknowledgment 


The helpful cooperation of A. A. 
Appell, Superintendent, Sewer Mainte- 
nance Division, Bureau of Sanitation, 
Los Angeles, Calif., William Ulrich, 
Sub-Surface Photo Company, Los An- 
geles, Calif., and C. Sketchley, Rod- 
ding-Cleaning Machines, Inc., Los An- 
geles, Calif., is sincerely appreciated. 


j 
gt 
\ 
= 
berg 
fence 
| 
= 
Ga ate 
| 


1406 SEWAGE AND INDUSTRIAL WASTES 


December, 1957 


TIPS AND QUIPS 


Nebraska Sewage Treatment Status 


The Nebraska plains have been ex- 
periencing a boom in sewage treatment 
plant construction. From 1952* to 
July 31, 1956, 37 treatment plants 
were constructed at a cost of $1,645,- 
526. Since July 31, 1956, the start of 
federal aid to sewage treatment plant 
construction, 23 applications for con- 
struction, costing $6,334,440, have been 
submitted. The federal government 
has or will contribute $1,279,066. No 
longer can Nebraska be criticized for 
lack of progress in sewage treatment 
plant construction. 


Operator Recognition 


Recognition of the sewage treatment 
plant operator and his contribution to 
the community and state is being fur- 
thered by the awards programs of state 
health departments. Among the states 
issuing annual awards for well-oper- 
ated sewage treatment plants is Flor- 
ida. Annually at the June short course 
for water and sewage treatment plant 
operators, the health department pre- 
sents ‘‘best operated’’ awards to three 
classes of sewage facilities (primary, 
trickling filter, and activated sludge) 
in two population classes: over 10,000 
and under 10,000 persons. An over- 
all award is given for the best op- 
erated plant in any class. 


Radio Communication 


The use of mobile radio units by 
public utilities is an accepted day-to- 
day operation. Gas, electric, and wa- 
ter systems generally use radio com- 
munication to dispatch service equip- 
ment, and in particular, to handle 
emergencies, whether they be com- 
plaints or service outages. 

Radio communication for sewer 
maintenance operations has come pri- 

* Editor’s Note—The Nebraska Sewage 
and Industrial Wastes Association was affili- 
ated with the Federation in 1952; it was the 
youngest Member Association until 1957. 


marily where water and sewage facili- 
ties are combined under the operation 
of one organization. And this is gen- 
erally true only in the larger popula- 
tion centers. The advantages of radio 
communication should not be over- 
looked. Lift station servicing, com- 
plaint investigations, and emergency 
operations are greatly improved, when 
a system of radio communication is 
established. 

A large operation can usually han- 
dle its own communication system. A 
small or medium size utility operation 
can effectively share the radio facilities 
of other municipal departments—po- 
lice, fire, or publie works. 

Each sewerage facility is responsi- 
ble for effective and efficient operation 
of its own force. To make use of mod- 
ern methods of communication is an 
obvious necessity. The time to do so 
is at hand. Special utility frequencies 
have been assigned by +the Federal 
Communications Commission for the 
use of public utilities. In many places 
these channels have not been used by 
the local utilities. Unless effective use 
is made of them, or unless planning 
is initiated for their use, other groups 
will petition to have some or all of 
these channels assigned to them. The 
air waves are becoming more crowded 
each day, and unless sewerage utilities 
make use of their share they will be 
speechless when the need to communi- 
sate is imperative. 

Information on the radio channels 
assigned to utilities may be obtained 
from the Federal Communications 
Commission, Washington 25, D. C. 


Improved Mortality 


In the period 1879-94, the average 
lifetime was only 34 years for the 
American wage earner and his family. 
His life was hard, often tragic. 

The child killers—diphtheria, small 
pox, and scarlet fever—filled church- 
yards with tiny tombstones. The other 
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spoilers, pneumonia, typhoid, influ- 
enza, tuberculosis and meningitis, ad- 
ded their toll to the total. Child bear- 
ing accounted for many deaths among 
families. 

Today the average length of life has 
reached a new high of 70.2 years, an 
increase of 414 years since 1946, 10 
years since 1936, and 24 years since 
1909. Women lead with a longevity 
of 73.6 years; men have an expectancy 
of 67.3 years. 

Our health today is much better than 
in the ‘‘good old days’’; let us keep 
it that way. 


Citizens’ Bond Campaign * 


A mayor-appointed citizens’ com- 
mittee, aided by a staff of city employ- 
ees, conducted such an effective friend- 
to-friend public appeal program that 
Richmond, Calif., approved an $8 mil- 
lion sewer bond issue in December, 
1956 by a 7 to 1 majority. 

The usual type of campaign was by- 
passed. Publicity media consisted of 
digest fact sheets delivered to the 
voters by block workers, pocket-sized 
eards highlighting the reasons for a 
‘*ves’’ vote, and daily reminder cards. 
3uilding banners, newspaper ads, and 
bumper strips were used, as well as a 
limited number of signboards. 

Symbol for the campaign was a sec- 
tion of sewer pipe, laid horizontally, 
with the words ‘‘Vote Yes Dee. 11— 
Sewer Bonds.’’ The symbol appeared 
in all literature and advertising. A 
two-column cartoon feature accom- 
panied daily articles on the sewer proj- 
ect in the local press. Featured in the 
cartoon was a staff-drawn character 
called ‘‘Monsewer,’’ who was merely 
the sewer pipe symbol with a head, legs 
and arms. The cartoons were used to 
stress the most important needs for 
the ‘‘yes’’ vote. 


*Howell, E. 8., ‘‘Organized City Cam- 
paign Helped Put Over $8 Million Richmond 
Sewer Bond Issue.’’? Western City, 33, 10, 
56 (1957). 


TIPS AND QUIPS 1407 


Some of the lessons learned during 
the campaign were: 


1. Make a careful selection of a rep- 
resentative citizens’ committee. 

2. Organize the committee to system- 
atically cover every aspect of com- 
munity life. 

3. Don’t underestimate the value of 
staff aid to the committee. 

4. Set up a sensitive reporting sys- 
tem to get at misunderstandings that 
might become issues; follow up with 
offsetting constructive publicity. 

5. Know where the ‘‘yes’’ votes are 
and get them out to vote. 

6. When preparing to sell the bonds, 
don’t assume the financial world knows 
all about the city; tell them with a 
brochure; show them with a tour. 

7. Thank your citizens for doing a 
good job; bond issues draw the citizens 
together. Try to establish a good com- 
munity feeling; then maintain it. 


Death in a Sewage Pumping Station 


Death again stalked through a sew- 
age works facility and claimed the lives 
of two men who were testing equip- 
ment of a sewage pumping station in 
Evansville, Ind., early in September. 
Fatally overcome were Louis Duncan, 
superintendent of sewers for Evans- 
ville, and Wayne Kiester, resident en- 
gineer for the consulting engineering 
company. 

Although the cause of death is not 
officially known, having been claimed 
to be ‘‘black damp”’ or ‘‘a gas of un- 
known origin,’’ it probably was as- 
phyxiation with carbon dioxide or poi- 
soning with hydrogen sulfide. Also 
overcome by the gas were 11 persons 
aiding in rescue work, all of whom 
subsequently recovered. 

Caution must be exercised at all 
times at works handling sewage. The 
newness of a unit does not make it any 
safer or less death-dealing. Be trained 
for safety—don’t be an ‘‘also ran’’ in 
a rescue attempt. Know what to do! 
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Reviews and Abstracts’ 


Studies on Polysaccharide Formation by 
Pseudomonas Fluorescens. By R. G. 
Eacon. Can. Jour. Microbiol., 2, 7, 673 
(1956). 

Pseudomonas fluorescens produced only 
mannan, regardless of the type of carbon 
source employed as nutrient. Stationary 
cultures were more favorable for polysac- 
charide formation than shaken cultures. 
Polysaccharide formation took place after 
the phase of logarithmic growth. 

H. HEUKELEKIAN 


Extracellular Polysaccharides of Green 
Algae. By R. A. Lewin. Can. Jour. 
Microbiol., 2, 7, 665 (1956). 


Uncellular or colonial algae (mostly 
Chamydomonas species) were isolated from 
soil or fresh water and grown in mass cul- 
ture. All species liberated some soluble 
polysaccharide into the growth medium. 
This material constituted about 25 per cent 
of the total organic matter produced by 
the cells. In all but one species, galactose 
and arabinose were the main components 
of the polysaccharides. The production of 
polysaccharides paralleled cell multiplica- 
tion. Cells, even in the intact state, may 
liberate colloidal material in the form of 
mucilaginous sheaths that flow away. 
Membranes may thus be cast off and soluble 
substances may result from their solution. 

H. HevuKELEKIAN 


Poliomyelitis and Other Enteric Viruses 
in Sewages. By S. Ketiy, J. WINSSER, 
AND W. WINELESTEIN, JR. Amer. Jour. 
Pub. Health, 47, 1, 72 (1957). 


In an investigation into virus culture 
methods and relationships between inci- 
dence of paralytic disease, socio-economic 
levels, and virus presence in sewage, 308 
sewage samples were analyzed in New York 


state. The samples were collected by sus- 
pending cheesecloth swabs in flowing sew- 
age for two or seven days. They were 
then prepared and inoculated into mice and 
kidney tissue. Poliomyelitis viruses were 
found in 21 per cent of the samples; Cox- 
sackie viruses in 42 per cent; both polio- 
myelitis and Coxsackie viruses in 13 per 
cent; and unidentified agents in 3 per cent. 
30th poliomyelitis and Coxsackie viruses 
were found seasonally, from early summer 
to late fall, in the one-year sampling 
period. However, analysis of the data 
showed no correlation between the three 
epidemiological factors cited above. 

Coxsackie A viruses were isolated in 
mice only, poliomyelitis viruses in tissue 
culture only, and Coxsackie B viruses about 
equally in mice and tissue cultures. The 
Coxsackie B viruses were isolated more 
frequently in monkey kidney tissue than in 
HeLa cell cultures. 

V. LEVIN 


Accidental Contamination of a Water 
Supply by Phenols. By Juniusz Ja- 
ROCKI. Gas. Woda i Tech. San., 31, 1, 
13 (Jan., 1957). 

An account is given of the accidental 
contamination of a water supply by phenols 
leached from wooden shoring materials. 
The source of supply is an artificial infil- 
tration gallery. During recent construc- 
tion of a collecting basin, wooden materials 
inpregnated with a phenol-containing com- 
pound (Xylamit P.P. Extra) were used 
for shoring. A distinct phenolic taste in 
the water was observed following a period 
of heavy rainfall and contact with melted 
snows. Analysis indicated a concentration 
of 0.07 mg. per liter phenol as CgH,OH 
in the raw water and 0.04 mg. per liter 
phenol as C,H,;OH in the finished water. 
The source was identified as indicated. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 
which might be suitable for abstracting in THIS JouRNAL. Publications of public health de- 
partments, stream pollution control agencies, research organizations, and educational institu- 
tions are particularly desired. Address such material: Federation of Sewage and Industrial 
Wastes Assns., 4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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The author recommends that compounds 
used for the waterproofing and protection 
of wood against fungus growths be treated 
with non-phenolie-containing compounds 
where such materials are to be used in con- 
nection with water works construction, par- 
ticularly where direct contact can occur 
between the water supply source and the 
construction materials. 
ConraD P. Straus 


Recovery of Cyanide from Waste Cya- 
nide Solutions by Ion Exchange. By 
E. Goupsiatr. Ind. and Eng. Chem., 
48, 12, 2107 (1956). 

This article deals with laboratory stud- 
ies of the use of a strong-base ion exchange 
resin for the removal of cyanide ions from 
a waste stream. The resin is first charged 
with cuprous ion, with which the cya- 
nide ions complex. The spent column is 
scrubbed with 0.02N sulfurie acid as an 
eluent for removing the cyanide from the 
complex without removing the copper. 
Thiocyanide ions interfere in the recovery 
of either cyanide or water but it is hoped 
to use both for the plant-seale application. 

R. 8. Incous 


Stream Standards vs. Effluent Standards. 
By W. B. Hart. Ind. and Eng. Chem., 
48, 11, 47A (1956). 

This article is a plea by an industrialist 
to use stream standards in place of effluent 
standards for pollution control. 

R. S. Incois 


Symposium: Re-Use of Water by In- 
dustry 


I. Introduction. By S. K. Love. Ind. 

and Eng. Chem., 48, 12, 2145 (1956). 

In 1950 industry was responsible for 35 
per cent of the nation’s use of water. For 
1975 the forecast indicates that it will use 
63 per cent of a greater total. To extend 
the limited resources of water, industrial 
re-use must be expanded. 


II. Re-Use of Steam Condensate as 
Boiler Feedwater. By D. E. 
H. M. Rivers. Ind. and Eng. Chem., 48, 
12, 2146 (1956). 

A very complete review of the factors 
necessary for consideration in the re-use 
of steam condensate as boiler feedwater. 
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III. Conservation of Water in the Pulp 
and Paper Industry. By H. B. Brown. 
Ind. and Eng. Chem., 48, 12,2151 (1956). 
A step-by-step review of the manufac- 

ture of pulp and paper is presented with 

an indication of what can be done in a 

paper plant to reduce water use. 


IV. Recirculation of Cooling Water in 
Petroleum Refining. By A.J. BRANDEL. 
Ind. and Eng. Chem., 48, 12, 2156 (1956). 
A review of the means by which one 

petroleum plant recirculates its cooling 

water. 


V. Re-Use of Cooling Water in Atomic 
Energy Installations. By A. L. Br- 
LADEAU. Ind. and Eng. Chem., 48, 12, 
2159 (1956). 

The water used for cooling aluminum- 
clad fuel elements in an atomic power gen- 
erator must be of the highest purity. 
When the total solids exceeds 0.5 mg. per 
liter of cooling water, the radioactivity of 
the solids becomes intense enough to re- 
quire shielding of the water system for 
personnel protection. Some of this pri- 
mary cooling water is continuously cir- 
culated through two-bed ion exchange units. 
When these units are exhausted, they are 
sufficiently radioactive to require discard 
by burial. 


VI. Biological Fouling in Recirculating 
Cooling Water Systems. By J. J. Ma- 
GuIRE. Ind. and Eng. Chem., 48, 12, 2162 
(1956). 

Cooling is the consumer of the largest 
volume of water; therefore, recirculation 
is frequently used to reduce waste-water 
volume. However, evaporation of water 
permits the concentration of all of the 
elements favoring growth of the biological 
slimes of algae and fungi. Because metal 
and wood protection generally require wa- 
ter conditions otherwise favorable to micro- 
orgenisms, it is frequently necessary to use 
one or more chemicals, ineluding chlorine, 
bromine, chlorinated phenols, copper salts, 
and quaternary ammonium eompounds to 
maintain a desirable heat transfer condi- 
tion. 


VII. Adaptation of Treated Sewage for 
Industrial Use. By S. T. Powenn. Ind. 
and Eng. Chem., 48, 12, 2168 (1956). 
This paper reviews some of the many 

successful industrial uses of sewage plant 
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effluents. This procedure would appear to 
be an excellent answer to a growing water 
shortage and one which permits all parties 
to benefit. 

R. S. InGous 


Ferrobacillus Ferrooxidans: A Chemo- 
synthetic Autotrophic Bacterium. By 
W. W. LeatHen, N. A. KINSEL, AND 
S. A. Bratey. Jour. Bact., 72, 700 
(1956). 

A chemosynthetie autotroph was isolated 
from bituminous coal mine effluents and 
designated as Ferrobacillus ferrooxidans. 
It does not grow on usual bacteriological 
media. Carbohydrate and peptone inhibit 
the oxidizing ability of the microorganism. 
It oxidizes ferrous iron to the ferric state 
within a pH range of 2.0 to 4.5. At this 
pH value, chemical oxidation of ferrous 
iron is extremely slow; 200 p.p.m. of Fe** 
is oxidized to Fe*t+ in three days by this 
organism while sterile Fe*t+ solution re- 
quires more than two years to be com- 
pletely oxidized. The official pH for this 
organism is 3.5 and the temperature is 20° 
to 25° C. The organism utilizes CO, from 
air and NH;-N as a source of N. Ele- 
mental sulfur is not oxidized. 

Pyrite found in coal is oxidized on ex- 
posure to the atmosphere without bacterial 
intervention, producing ferrous sulfate and 
H.SO,. Water seeping into a mine leaches 
the soluble oxidation products from the ex- 
posed surfaces. Accelerated by Ferrobacil- 
lus ferrooxidans, ferrous sulfate is rapidly 
oxidized to ferric sulfate and eventually 
all of the ferrous sulfate is oxidized to 
ferric sulfate. Ferrie sulfate is hydrolyzed 
to insoluble ferric sulfate, ferric hydroxide, 
and sulfurie acid. The insoluble iron com- 
pound deposits as a yellowish sludge in the 
stream while the stream remains acid. 

H. HEUKELEKIAN 


Pollution of the Vistula River at Ja- 
bonna. By H. Wysocka, M. Tomas- 
ZEWSKA, K, Czyz, AND A. PRASZKIEWICZ. 
Gaz. Woda i Tech. San. (Polish), 30, 9, 
359 (Sept., 1956). 

Preliminary biological findings show that 
the Vistula River in the vicinity of Jabonna 
shows evidence of pollution from pharma- 
ceutical and tannery effluents discharged 
into the Henrykowski Canal. Twenty spe- 
cific groups of organisms were reported 
in the Vistula upstream of the canal; only 
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December, 1957 


four groups in the canal with Ascomycetes 
non det. predominant; 20 groups 20 meters 
(m.) below the confluence of the canal; 
23 groups 250 m. below, and 19 groups 
1,000 m. below. Organisms belonging to 
the 8. mesosaprobie groups predominated 
at 250 and 1,000 m. below the confluence 
and also above the confluence of the canal. 
Conrad P. Straus 


Salinity and the Biochemical Oxygen 
Demand of Estuary Water. By J. 
GRINDBY AND A. B. WHEATLAND. Water 
and San. Engr. (Brit.), 6, 1, 10 (1956). 

B.0O.D. values were found 

when the salinity of the diluted sample was 

20 g. per 1,000 g. of estuary water. When 

the salinity of the original sample was 

greater than 14 g. per 1,000 g., the B.O.D. 

was slightly higher when saline dilution 

water was used to give approximately the 
same salinity as the original sample. When 

the salinity of samples was less than 14 g. 

per 1,000 g., higher B.O.D. values were ob- 

tained with standard dilution water. 

The onset of nitrification was retarded 
with increasing salinity. The total amount 
of oxygen utilized after 67 days, however, 
was practically the same with different 
salinities. 


Maximum 


H. HeEvKELEKIAN 


Recent Trends in the Analysis of Indus- 
trial Wastes. By W. A. Moore anp M. 
B. Errincer. Anal. Chem., 28, 1819 
(1956). 

The article is a review of the important 
problems in industrial waste disposal and 
of research work in progress in the Publie 
Health Service laboratory. 

R. S. INGous 


Determination of Trace Amounts of 
Alkyl Benzene Sulfonates in Water. 
3y P. J. WEAVER. Anal. Chem., 28, 1822 
(1956). 
The article gives a complete set of diree- 
tions for the identification and quantita- 
tive determination of alkyl benzene sulfon- 


ates (common synthetic detergents) in 
water. The steps include absorption on ear- 


bon, desorption, removal of interferences, 
and reaction with an amine for extraction 
in chloroform which is used for infra-red 
examination. 

R. InGous 
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BIOSORPTION™ Activated Sludge Plant 
Neillsville, Wisconsin 


Consulting Engineers 
Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


PRESSURE RELIEF and | |i | 
VACUUM BREAKER VALVE “VAREC” Fig. No. 5800C 
with FLAME ARRESTER Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 
FIG. No. 5800C 


1, ‘The multi-plate Flame Arrester bank 3, Easy to clean. Just loosen frame hold- 
has larger area than competitive units a ing Flame Arrester plates together — 
of same size. plates separate to permit easy clean- 

ing with distillate, chemical solution 

or wire brush. 


2, Much more flow per minute than 
same size competitive equipment, 
due to less capillarity and friction in 
the Flame Arrester passageways; &, All aluminum construction makes 


streamlining and expanding passage- “VAREC” Pressure Relief and Vacu- 
ways of Pressure Relief and Vacuum um Breaker Valve corrosion resistant. 
Breaker Valve. Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriter’s Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 

Send for ‘‘VAREC"’ Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street, Compton, California 
Cable Address: Varec Compton California (U.$.A.) All Codes 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 
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Proceedings of Member Associations 


NEW JERSEY SEWAGE AND 


INDUSTRIAL WASTES 
ASSOCIATION 
The 42nd Annual Meeting of the 
New Jersey Sewage and Industrial 
Wastes Association was held at the 


Hotel Traymore, Atlantie City, N. J., 
on Mareh 13-15, 1957. Registration 
totaled 505, including 70 women. This 
was a new high in attendance, which 
usually averages about 425. 

Newly featured at the meeting was 
the scheduling of the first day as a full 
At- 
tendance was good and reportedly con- 
tributed materially to the increase in 
registration. 

Making up the industrial waste por- 


day on industrial waste papers. 


anthroquinone dye wastes, paper mill 
effluents, synthetic 
waste pollution, 


chemical 
site selection, 


organic 
plant 
and industrial wastes effects on water 
supplies. Papers were also presented 
on sludge dewatering, sludge disposal 
by barging, lift stations, plant opera- 
tion, Public Law 660, use of sewage for 
and contact 
aeration sewage plants in New Jersey. 

Constitution the New 
Jersey Association discussed at 
the annual business meeting. The 
Bedell for 1957 is Louis J. 
Fontenelli, Supervising Engineer, Rah- 
way Valley Joint Meeting. The Hat- 
field nominee is Anthony J. Maeri, Su- 
perintendent, Hammonton, N. J., 
age Treatment Plant. 


erop irrigation in Israel, 


changes of 


were 


nominee 


Sew- 


tion of the program were 


papers on 


(Continued on page 534a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GarTES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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HARVEY, ILLINOIS ENDS PROBLEM 
OF FLOODED BASEMENTS WITH 


CONCRETE PIPE 


To end a vexing problem of flooded basements in a 
large section of the city, Harvey, Ill. built a new relief 
concrete pipe storm and sanitary sewer. Both the old 
and the new sewer lines connect with the system of 
the Chicago Sanitary District at the north city limits. 


The project used more than 40,000 ft. of concrete 
pipe 21 to 90 in. in diameter. It was financed by two 
bond issues—$675,000 in revenue bonds and $1,500,- 
000 in general obligation bonds. 


Like Harvey, hundreds of American cities depend 
on long-lasting concrete pipe sewer installations. 
These many systems have demonstrated concrete 
pipe’s rugged durability, great structural strength, 
maximum hydraulic capacity, minimum infiltration 
and leakage, and unusual resistance to abrasion. 


Concrete pipe sewers are moderate in first cost, re- 
quire little maintenance and give lifetime service. 
The result is true low-annual-cost sewer service. 
Write for free 48-page booklet, “Concrete Sewers,” 
distributed only in the United States and Canada. 


PORTLAND CEMENT ASSOCIATION 
33 West Grand Avenue, Chicago 10, Illinois 

A national organization to improve and extend the uses of portland cement 

and concrete... through scientific research and engineering field work 
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The following officers were elected: 


President: Andrew Palmer, Dunellen. 


First Vice-President: Robert J. Bud- 
rick, Boonton. 
Secretary-Treasurer: Michael S. Ka- 


chorsky, Manville. 
8. Kacuorsky, 
Secretary-Treasurer 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Montana Sewage and Industrial 
Wastes Association held its 13th An- 
nual Meeting in conjunction with the 
annual meeting of the Montana See- 
tion, American Water Works Associa- 
tion on April 4-6, 1957 at Great Falls, 
Mont. 

Approximately 125 members, guests, 
and ladies were registered. This was 
the first joint program of the two as- 
The blended program of 
water and sewage interests was well re- 


soclations. 


AND INDUSTRIAL WASTES 


ceived by operating personnel who fre- 
quently have the dual responsibility of 
the water and sewage utility. 

An interesting program event was a 
symposium on waste disposal, which 
featured the basic industries of Mon- 
tana—ore, oil, sugar beets, and pulp. 

Federation Past President 
W. Martin presented the Bedell Award 
in absentia to Rodney Preater, Sani- 
tary Engineer, Morrison Maierle Inc., 
Helena, Mont. A program highlight 
was the luncheon and tour of the 
Malmstrom Air Force Base, Strategic 
Air Command, U. 8. Air Foree. 

Officers elected for 1956-57 were: 


George 


Chairman: Claude Eyer, Glendire. 
Vice-Chairman: R. D. Fargo, Glasgow. 
Harvey W. 


Secretary-Treasurer: 
Taylor, Helena. 
Harvey W. 
Secretary-Treasurer 


Continued on page 536a) 


specialists 


* Sewer and Pipe Cleaning Equipment 
* Sewer Rods * Sectional Steel Rods 
* Complete Sewer Cleaning Machines 


* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. sox 267 syracuse, 1. 


SEWAGE AND INDUSTRIAL WASTES 


2,300 pounds of Everdur used in 
new 8-ton cast-iron sluice gate 


This direct-pressure type sluice gate 
is One of two recently installed by 
Empresa de Energia Electrica at the 
Quebradona Dam in Columbia, South 
America, to regulate the flow of potable 
water to the city of Medellin. 

The 100-foot head of water behind the 
dam exerts 450,000 pounds pressure on 
each 8 x 8-foot gate. Everdur* (copper- 
silicon alloy) was selected to seal against 
this load because of its high strength and 
corrosion resistance—plus ready work- 


US. Pat. Off 7133 


EVERDUR 


> 


3° Everdur facing 
strips for gate leaf and 
frame. 


2 


Everdur bolts and nuts. 


Everdur adjusting bolts for 
cast-bronze wedges. 


More than a ton of Everdur 
was used for facing strips and 
fastenings in this 8° x 8’ sluice 
gate leaf and frame assembly 
designed and furnished by the 
Coldwell-Wilcox Division of 
Krajewski-Pesant Mfg. Corp., 
New York City. Consulting 
engineers, Gannett Fleming 
Corddry & Carpenter, Inc., 
Harrisburg, Pa. 


ability and weldability. Sewage treatment 
and water works equipment of Everdur 
has been in service without replacement 
for a quarter century and longer. 

Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treat- 
ment and Waterworks Equipment”—or 
for technical help in selecting the correct 
material for your job. Address: The 
American Brass Company, Waterbury 
20, Conn. In Canada: Anaconda Ameri- 
can Brass Limited, New Toronto, Ont. 


Anaconda’s Family of Copper-Silicon Alloys | 


MADE BY THE AMERICAN BRASS COMPANY 


STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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Surer Gland Lubrication 
| for Centrifugal Pumps 


| THE Z-F GREASE SEAL eliminates that 
| trouble spot where shaft enters casing. Applies 
} constant positive lubrication to packing and shaft— 
automatically. Excessive heat, rapid wear, leakage 
and scoring will dissapear as the 
Grease Seal supplies a constant flow 
of lubrication when pump starts until 
it stops—automatically. Many other 
| advantages, too. Write for complete 
description and price. Zimmer and 
Francescon, Moline, II. 


Correction 


The proceedings of the Ohio Sewage Ohio Department of Health. 
and Industrial Wastes Treatment Con- Hatfield Award Arthur Caster, 
ference appearing on page 446a of the City of Cincinnati. 
October issue of THis JouRNAL inad- 
vertently contained a mixup in the In addition, Ohio Conference awards 
names of the recipients of awards pre- Were made as follows: 
sented at the 1957 Annual Meeting of Dean Stewart Award Willard 
the Conference. The correct recipi- 
ents are: 


Smith, Cambridge. 
J. W. Ellms Award—Arthur Caster, 
Bedell Award— Bruce M. MeDill, Cincinnati. 


SLIDE 


These slide gates are fabricated of ““Chemstone E” 
This is an asbestos-cement sheet with an acid re- 


sistance impregnation which is moulded at high 


SEND FOR pressure. Surfaces are sanded to a smooth finish. 
FREE We consider this material more suitable than metals 
since it is relatively light in weight, corrosion resist- 
LITERATURE ant, acid resistant, does not require painting, and 
and has a lower frictional coefficient than most metals 
$ pecifications after a period of use. This enables gates to be more 


readily removed. 


* FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK ST. ROCHESTER, N. Y. 
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DIRECTORY OF ENGINEERS 


(Continued through page 544a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Flood Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 


Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


ANDERS@N-NICHOLS 
ompang 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems — Water Works Design and Operation—Surveys 
and Maps—City Planning —Highway Design—Construc- 
tion Surveys—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 
Consulting Engineers 


G. 8. Beit C. G. Garrner J. K. Laraam 
J. W. Finney, Jr., oc. 


Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposa Swimming Pools 


Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BETZ LABORATORIES, INC. 
Consulting Engineers 
Industrial Waste 
Industrial Water 

Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


It pays to secure competent and experienced engineering advice! 


537a 


i 
| MLE 
| © 
| 
| 
j ‘ 
ar 
| 
| 


SEWAGE AND 


INDUSTRIAL WASTES 


DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
‘aluation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo 


BOGERT AND CHILDS 
Consulting Engineers 

CLINTON L. POGERT FreD CHILDS 

Ivan L. BoGeRt DONALD M. DitTMars 

A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 

Drainage 

Highways and Bridges 


Refuse Disposal 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewave and Water Works—lIndustrial 
Wastes—Refuse Disposal—M unicipal 
Projects—Industrial Buildings—Reports— 


Plans—Specifications—Supervision of 
Construction and Operation 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


BOYLE ENGINEERING 


Consulting Engineers 


Water Sewers — Streets 
Structures Surveys 


Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 
Waterworks, Sewage Disposal, Airports 
Street Improvements, Power Plants 


Electric Distribution, Rates 


K. P. BUILDING DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne S. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Waste 
Reports, Designs, C tr 


123-125 W. Church Street Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 Fast 19th Street New York 3, N. ¥. 


Your firm should be 
listed here 
. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BURGESS & NIPLE 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 
Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 
Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations— Rates- Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill, 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveye 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
sioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


COTTON, PIERCE, STREANDER, INC. 


Associated Consulting Engineers 


Water Supply, Treatment, Distribution, 
Sewerage, Sewage Treatment, Refuse Disposal 


132 Nassau Street, New York, N. Y. 
55 Caroline Road, Gowanda, N. Y. 
2718 Garfield Street, Hollywood, Fla. 
Colon 106, Havana, Cuba 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


Damon & Foster 


Consulting Ctetl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


It pays to secure competent and experienced engineering advice! 
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CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs. 
BOSTON, MASSACHUSETTS 


FINKBEINER, PETTIS & STROUT 


CarveTon 8. FINKBEINER CHARLES E. Perris 
Harovp K. Srrovut 


Consulting Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & FURNER 

HOUSTON, TEX 


Industrial and Municipal a 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High- 
ways and  Structures—Dams—Drainage 
Works— Airports— Investigations— Valua 
tion—Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

Drainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brewn Road Saint Louis 14, Miesouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosuer 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and 


607 Washington S 
New York READING. ra. Washington 


Glace & Glace, Inc. 


Civil and Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Samuel A. Greeley Pau! Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


Take advantage of the services of 


these outstanding consultants! 
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FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvements Town Planning 
Surveys 

Design, Supervision and Operation 

260 Godwin Avenue Wyckoff, N. J. 


DIRECTORY OF 
ENGINEERS 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. 8S. Palocsay E. S. Ordway 
F. C. Tolles, Consultant 
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Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WaAsTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricnarp Hazen Avrrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner E. E. Buoss 
V. C. LiscnHer 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Bullding, St. Louis 3, Missourt 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


Drawer 150 


INDUSTRIAL WASTE DISPOSAL CORPORATION 


Consultants 
Oceanographers — Chemists — Engineers 


Deep Sea Disposal 
Plant Site and Outfall Surveys 
Biological and Chemical Analyses 
Research — Waste Treatment 
Pollution 


Baytown, Texas 


WILLIAM T. INGRAM 
Consulting Engineer 
Sanitary and Public Health Engineering 
Planning—Design—Research—Water 
Sewage—-Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 


20 Point Crescent, Whitestone 57, N. Y. 


It pays to secure competent and experienced engineering advice! 
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The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Construction 


Columbus 12, Ohio 


Reports— Design 


1392 King Ave. 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


ONLY $66 PER YEAR 


cost ot a professional listing 


space. A card here will iden- 
with the 


industrial 


in this 

specialized 
field and 

prestige ! 


tify your firm 


sewage and wastes 


will afford maximum 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 

E. B 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
Toledo 1, Uhio 


BESSELIEVRE, MGR 


1080 Atlantic Ave. 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewave Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST... SAN FRANCISCO 5 


COMPLETE 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs. Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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“ METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. ¥. 
500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL &@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power — Transportation 


51 Broadway New York 6, N.Y. 


* 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Cc lting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

M im Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N.Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louis C. McCase, Pres. 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


Robert and Company 
Associates 
Engineering Division 


ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - Power Plants 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 


Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicage 4, Ilinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—-Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 


Consulting Engineer 


Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. S. Watkins . R. 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 
251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F.. WESTON, INC. 
Engineers— Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 

jater—Sewage 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications 
Operation Supervision Analyses — E-valua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustria] Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services 


of these outstanding consultants! 
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Bell, Howard K 

Betz Laboratories, Inc 
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Consulting Biologists: Dolan and Wurtz 


Cotton, Pierce, Streander, Inc 
Damon & Foster 

Electro Rust-Proofing Corp. (N. J.) 
Fay, Spofford & Thorndike 
Finkbeiner, Pettis & Strout 

Freese & Nichols 

Fromherz Engineers 

Fulton, Edward A. 


Gannett Fleming Corddry & Carpenter, Inc. 


Garrity & Mosher 

Gilbert Associates, Inc 

Glace & Glace, Inc. 

Greeley & Hansen 

Harley, Frank E., and Associates 


Harris-Dechant Associates 

Haskins, Riddle & Sharp 

Havens and Emerson 

Hazen & Sawyer 

Henningson, Durham & Richardson, Inc. 
Horner & Shifrin 

Hudson-Rumsey Co., Inc 

Industrial Waste Disposal Corporation 
Ingram, William T. 

Jenning-Lawrence Co 

Jones, Henry & Williams 

Kaighin and Hughes 

Keis & Holroyd 

Kennedy, Clyde C 

Knowles, Morris, Inc 

Koebig & Koebig 

Lanning Sanitary Engineering Co., Inc. 
Lozier, Wm. S., Company 

Mebus, George B., Inc 

Metcalf & Eddy 
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Piatt & Davis 

Pirnie, Malcolm, Engineers 

Purcell, Lee T. 
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Riddick, Thomas M. 

Ripple & Howe 

Robert and Company Associates 
Russell & Axon 
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Stanley Engineering Company 
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Taylor, Henry W 
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sewer 
stoppages 
faster 


Just shift the Safety Lever and rotation of rods and tool is instantly reversed. 
When lodged in hard stoppages, a shift to reverse quickly corkscrews the tool 
out of the stoppage. In boring through sand, silt, etc., the tool tends to 
“burrow” and an occasional reverse brings it to the top where the going is 
much easier. Besides speeding up the job, this new “Flexible” development 
reduces wear and tear on the rods as well as the machine and operator. 
WRITE TO ARRANGE FREE ON-THE-JOB DEMONSTRATION 


ee : 1005 SPENCERVILLE ROAD, LIMA, OHIO 
F L L 3706 DURANGO AVE., LOS ANGELES 34, CALIF. 


4 351 W. JEFFERSON BLVD., DALLAS, TEXAS 


4 
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Snap gosket on spigot end. 


Push spigot home. 


LOCK JOINT ROLLER SUSPENSION PIPE WITH 
LOCK JOINT FLEXIBLE JOINT RUBBER GASKET 


Many engineers who demand the best 
in sewer lines specify Lock Joint Roller 
Suspension Pipe for their projects. In 
addition to its unusual strength, this 
concrete pipe offers premiums in 
durability, economy of installation 
and excellence of joint structure. 

Where a tight line is imperative, you 
will get best results by sealing Roller 
Suspension Pipe’s precision made 
joint ends with Lock Joint Flexible 
joint Rubber Gaskets. These gaskets 
require no joint compound or adhe- 
sive. Merely snap the gasket in place 


LOCK JO! 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 


ast N. J. 


Valley Park, Missouri 
N. Kansas City, Missouri 
Tulsa, Oklahoma 


on the spigot end and force the spigot 
“home” in the bell. The joint thus 
formed will not only reduce your in- 
filtration problems to a minimum, 
but will also have such a degree of 
flexibility as to accommodate unusual 
deflections from ground settlement or 
other sources without endangering 
the complete tightness of the line. 


NT PIPE CO. 


Joint still tight when deflected. 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 


Beloit, Wisconsin Oklah 


Rock Island, Illinois 


City, Oklah Hato Rey, Puerto Rico 
Chicago, Illinois Wichita, Kansas 
Denver, Colorado 


Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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When you plan your new facilities, include W & T Equipment, both Chlorinators and Dry Chemical Feeders. 


: ... this is where we plan to put 


the W& T Dry Chemical Feeders.” 


When you plan your new plant or the expansion of your present one, be sure 
to plan a place for W&T Dry Chemical Feeders as well as Chlorinators. W & T 
Feeders are used for every type of dry feeding problem found in water and sewage 
treatment plants. 

W & T makes both volumetric (volume measurement) and gravimetric (weight 
measurement) feeders. There is a feeder for any size job, from small equipment 
to measure out ounces, to accurate giants capable of handling thousands of pounds 
per minute. 


To find out more about W&T Dry Chemical Feeders, write for bulletin S-123. 
Or let us know the type of feeder problem you have, so we may send publications 
describing the W & T equipment best suited for your job. 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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